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PREFACE

by

Wing (‘dr. M.S .i lugh es , R AF

I .  INTRODUCTION. The 33rd Aerospa ce Medical  Panel Mee t ing  was h e ld in Athens .  Greece dur in g  the 20 4
September I 97ô , of which B was one of three Sessions eons t i tu t i i i g  the me :t i ng .

2. THEME. The committee on Special Clinical  and Physiological Probl ems in M i l i t a r y  Avia t ion  have long fe l t  tha t  the
av la i i o i i  envi ronment  is of growing concern in respect of occupational hea l th  haz ards  facing not only Air  C rew hut  Air
Traff ic  Controllers . Radar Operators and Ground Support Personne l , whi ls t  popula t ions  l iv ing near airports arc in-
creasingly a ffected by noise and atmospheric pollution. I t  was decided th ~ ref ore , th a t  ii be recommended to 11w Pan el
tha t  a session be held to discuss the occupational cnvi ronm ent  of all involved in aviat ion , and in par t icu lar  it was felt t ha t
there ss as a tieed to air  t li~ Problems associated w i t h :

t a t  the creation and runn ing  of Occupational h ea l t h  Services
(b )  the iden t i f i ca t ion  and minimis at io n  of dangerous procedures

t e l  the set t in g of l imi ts  to exposures encountered dur ing  thes e procedures

(d)  the psychological stresses associated with  aviat ion , in p ar t i cu la r  those of Air  Traffic Controllers.

3. SCOPE. As a consequence the Panel issued inv i t a t ions  for  papers on the following subjects.

( a )  \ I edie :i l .  psychia t r ic  and psycholog ical problems of Air  Traff ic (‘ontro l lers  and Radar  Operators.

h ) At mosp lierie ( i n c l u d i n g  noise ) pol lut ion by a i rcraf t  operat ions.
( e l  Indus t r ia l  hazards , the toxicology and pathology of Prope llants and other  chemicals.
( d l  Miss i le Operations.

4. FORMAT. Twelve papers were chosen and were arranged in groups deal ing w i t h  the i r  common aspects. The g i o t i p s
s%er e sub-ti t led as follows:

(a )  f h d i i aI . P s ie /z ia tr ü  and P sieholugiea/ P ro/ dents of  f i r  / f r ’aJfj t  C wur oller,s anti Radar Operat or s

Three papers were read in t h i s  group and a prof i ta b le  in d e p t h  ana lys i s  of t h e  Occupat ional  h ea l t h  Pr ob lems of
Air  Traffi c Controllers  ss as achieved.  I l o p k i n  ( U K )  also out l ined problems tha t  ili a~ well have to bc laced in
t h e  near fu tu re , as a result  of developing technology.

h ) t!,~,iit, , rj , n ,’ , t leasi r en,eizt  mid .1 sse,ss,nenh of ’ P otentia l lIo:a r d.s • I s o n  ,a ted ieith • I ir t ra / 1 ( ) / ; er atiunc •
The i n t e n t i o n  and scope of this  sub g roup  was to iden t i f y , q u a n t i l  and arrive at es t imates  as to the m a g n i t u d e
of son iC of t he  more speciahi sed hazards associated wi th  aircra ft operat ions , and of fe r r ecoi i imen dation s on
thei r  moni to r ing  and sa l e t y  l imi t s .  The disseminat ion  of i n f o r m a t i o n  fro m experts  in the i r  field was clearly
welcomed b y the member  nat ions .

c) Industria l lIa:ards and their C t,, itro l • • l ssor i a te d t i l t / i  .1 irc ’ra _ft an d h o s t / i ’  Operat ions

h ere it  ss as in tended  to air a u t h o r i t a t i v e  op inions on the creat ion of Hea l th  I’r ograinme s . whi ls t  also eon-
ceo trat  in g on the m x  ico tog v  of hydraz i n e . a complex hu t  an increasingly common hazard

Recent  deve lopments  in m i l i t a r y  tactics have also demanded ti m e operat i on of a i rcraf t  f ron t  hard she l ters , 1 he
env i ronmen ta l  hazards associat ed w i t h  these operations was dealt  w i t h  in consi dera b le  depth and much  in te res t
was generated by the U.K.  experience in th i s  f i e l d ,

5. SUMMARY ANt ) CONCLUSIONS. Session B cons i st ed  of an in—dep th  a i i , i t ~ so of ’ t i m e  w o r k i n g  e n v i r o n m e n t  of those
employed in the aviat ion field.  It  iden ii lied nan ~ of ’ the cu r ren t  meal th hazard s , and pin pou t ted in an t h a t  ss o rke t  iii

he exposed to in the fu tu re . Recommenda t ions  were made as to I wi r as o i t t a  f lee and cool rot , and ii  ss is l e f t  th at th e
session resulted in mean in gf  iii  and won li w hm ile ad s ice being made to th e t~ iii ~ l and I hi rough it t o sI oc t  ors resp~ ‘i is i  He I

the heal th  of ’ e,np lctyccs in t h is i ndus t ry .  In such S . i s i  f i e ld  inu i ’ hi was t e l l  u n it one . ii j &l unsa id .  H i t  i i i s o l , i i  is ss as
iNc to do so in one and a ha l l ’ sha ~ s n otch was done and sa id ,  and in t i n s  t e s ; ’ e s  I i t  is i ’ c i i eve&i  t he  session was ser ~
sii ~e es s t tu l  and wor t h while .

6. RECOMMENDATIONS . \s f i i r t he r  e x p e r i e n r e  is  g a ined in I l a rd  Shel ler  Op er at ions  I t hink t h at r egular u p d a t i n g
sessions should he held on t h e i r  e n v i r o n m e n t a l  a spects  I t  seenis t i h v i i i i i s  i h a t  I t ie  more s i c  t r avel  i t t i i i i _ ’ I b i t s  road f l i t .’
more problems sic sh a ll  f i n d , and to  p r e s e n t  u n d u e  repe t i l i on  at  s i n i k  and  i i i s i . i k c s  ss i i i  eoI1ss ’~b oenl  expense regular  cx-
et lu i nge nt i n f o r m a t i o n  would he . i d s  , i i l t , ieeo t i s  Perhaps at  sonic t im e  i i i  l i t e  f u i t u t e  ,i i i 5 ? ,  S R I  ) ‘ ‘ g i , i p i i  i t i i g t i f  h e lp.
l i i , ’ s ui t e  p l i i fo so p i i ~ holds t rue  t , i  t h e  f i eld of t sxu c o l sg~ . a nd is l i i i  is is  so s i f t t . c s s t i u l l %  , t , ’n s ’ t o t  bi ~ i l l u m e a t  t i t u s
me e t ing  should he done or o I l i e r  t u I \ i e u 4 b o L ’i~~ u l t i a i , i r , h s  is  cac ti  us i d e n t i f i e d  .unul  p r e l e r ah s t ~ b ’c t , ’ i c  t h ey are i n t r o s t u c e d
in to  is i ub e s t ’r e . id  use
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PSYCHOLOGICAL PROBLEMS OF AIR TRAFFIC CONTROLLERS AND RADAR OPERATORS

V. David Hopkin
RAF Institute of Aviation Medicine ,

Farnborough , Han ts ,
Uni ted King dom

SU1,~1ARY

Potential solutions to some of the psychological problems traditionally associated with air traffic
control and radar operators have become available with the advent of secondary radar and of advances in
display technology. Greater flexibility in works pace desi gn can remove many of the main sources of visual
and postural difficulties. Recently the effects of stress on efficiency and well—being have been the sub-
jec t of much keen deba te and of some research , par ticular ly  in air traffic control. Some of the psycholo-
gical problems associated with boredom are equally serious , but comparative ly neglected. When automation
in the form of computer assistance is app lied to decision making and problem solving, its implications
extend beyond system performance and efficiency to influence job satisfaction , professional pride , oppor-
tuni ties to acqu ire and use sk i l l s , and the integration of the roles of man and machine . These less mani-
fest effects of automation are the source of numerous current and future psychologi cal probl ems fo r a i r
traffic controllers and radar operators.

1. INTRODUCTION

In the past , some recalcitran t psychological prob lems and environmental health hazards have been associ-
ated with the tasks and the working conditions of air traffic controllers and of radar operators . The main
impetus for research seeking to remove these problems and hazards came from the operational need to maintai n
or restore system efficiency . Sometimes it was presumed , on insufficient evidence , that all the information
necessary to reach required operational standards had been provided in usable form . The success or failure
of any changes in air traffic controllers ’ or radar operators ’ tasks was judged according to achieved per-
formance, neglecting incidental effects on well—being , job satisfaction or effort.

Because of the serious operational consequences of poor performance of air traffic control or radar
opera ting tasks, from whatever cause , much effort was devoted to providing work environments which fostered
efficient task performance. Radar displays , particularly in conjunction with other displays in the console
or with wall—mounted displays , created many problems in workspace design, the most serious of which were
visual. Attempts were made to formulate general principles for the design of efficient workspaces . Numerous
studies of specific environments sought either to improve performance in future systems , or to achieve more
acceptable performance in exist ing systems if the attained efficiency had manifestl y failed to match opera-
tional requirements. These princip les and findings have been incorporated in specific (l) and generai (2)
hdndbook recommep dations , and many of the ambitious research programmes from which they were derived have
been described (3’.

2. TRADITIONAL VISUAL PROBLEMS

2.1 Quality of Radar Information

Early studies were concerned with difficulties in discriminating or interpreting the contents of radar
displays(4). The displayed information was often of poor quality, near the visual threshold , viewed against
a cluttered background , and subject to fading and uncertainty. The radar tracker had to find , id entif y and
follow the blips which constituted the track of an aircraft or target. Sometimes the man was expected not
only to detect the presence of a radar track but also to discriminate it from others and make accurate
intuitive speculations about what it might represent. While the successful performance of such a task was
operationally desirable , the requisite information was not always present. When it was , its quality mi ght
be so poor that great skill , experience or flair were required to interpret it with consistent success. In
some circumstances it was very difficult to verify whether an interpretation was correct or not. Attributes
of the b l i p ,  such as its size, shape , visual texture , relative movement and persistence , were used by the
experienced radar operator to decide whether a genuine track was present and to suggest what it mi ght repre-
sent. With such a display, any small departure from the visually optimum environment , or a marg inal degra-
dation of the disp lay itself, could render much of the information on it unintelli gible.

2.2 Ambient Illumination

It was therefore imperative that any information which could be sensed by the system and appear on the
display should not then be lost because the man could not see it. The type and level of ambient illumina-
tion had to be chosen carefully to optimise the visibility of the radar information. Amber tubes had wtm ite—
minus—amber li ght ing fo r example , and other types of ambient illumination , such as broad blue band , we re
evaluated in relation to specific display characteristics (s). It was acknowledged that the radar picture
might need adjustment from time to time , and therefore the operator was provided with a facility to vary the
brightness of his radar display, although it was never proved that he was capable of choosing the operation-
ally most efficient brightness setting as distinct from the one he liked best.

The degradation of displayed information by reflections and glares on the tube face was studied , and
precautions were taken to minimise the unwanted scattering of li ght. It proved difficult to position tight
fitmenta in a large room containing numerous radar displays , without incurring reflections or glare some-
where . Elaborate cowlings and controls for li ght fitments were often introdu ced to try and circumven t this
d i f f i c u l ty (6)
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In many ear l y rada r rooms the lighting levels were so low that operators on entering the room had to

wat t until they had become sufficiently dark adapted to the environment to go to their workplaces without
tripp ing over furniture or bumping into others . In circumstances when any departure from optimum viewing
conditions could render displays useless, changes which were desirable for the operators ’ comfort or well-
being, but which would make their tasks impossible , could not be entertained because they would lead to
gross impairment of operational efficiency .

2.3 Compatibility of Radar and Other Displays

The re lationship between the radar display and other displays in the same workspace led to difficulties.
One problem was to ensure that information on other displays in the saute console or suite as the radar dis-
play remained visible under the low ambient lighting levels entailed by the radar. Beyond each man ’s work-
space , undesirable pools of darkness or brightness within the visual environment could occur , asso ciat ed
wi th different lighting requirements for different disp lays . The employment of colour coding of information
was restricted by the low li ghting levels and often by the need to use coloured ambient lighting. Some
improvements to the visual environment were made by using relatively neutral or unsaturated colours with
matt surf aces , to reduce unwanted glare , r e f l ections and li ght scattering. Certain traditional features of
air traffic control and radar working environments continued to appear although they were not appropriate ,
and probably never had been . For example , whereas the presence of radar displays might make dark ceilings
and dark walls essential , the almost universal adoption of dark flooring imp lied a blinkered approach to
optimising the workspace and to appraising the factors which could be modified. Even under present condi-
tions light coloured flooring in rooms with low illumination enables furniture to be more readily seen , and
the level of ambient illumination can generally be raised somewhat in this way without significant visua l
penalty .

The use of radar disp lays in conjunction with large wall-mounted disp lays has been a prolific source
of visual problems in the past. At one time , wall displays were almost universal in air defence and air
traffic control environments , and they are still very common in the former. A task analysis does not always
prove the need for general wall—mounted displays, and the reasons advanced in their favour are not always
convincing. The information on them is normally of limited use to individual controllers or operators since
each man requires for his own job more detailed infotmation than they give . While it is t ot contended that
general displays are superfluous , the way in which they are actually used , rather than the ostensible reasons
for their presence , should be made clear . In many air defence or air traffic control environments a summary
of the current situation helps to provide everyone with some knowledge of the results of their efforts and
of what is happening. A wall—mounted general situation display may serve this purpose well , and may be
suitable for briefing and for various command decisions , though it should not be desi gfled solely to meet the
needs of the most senior man present , which are usually better served by an individual display . It may also
be useful as a simplified and readily intelli gible sununary for visitors who are not concerned with the fine
detail of the system and may have neither the time nor the inclination to understand it fully; but there is
great reluctance to admit openly that a main justification for its existence may be its value as a summary
for visitors.

Wall-mounted displays in radar environments pose in more acute form all the visual problems associated
wi th displays within the console . If possible , the man ’s radar and other individual displays should be
matched fairly closely in brightness wi th the wall disp lay, particularly if he frequentl y has to cross refer
between them. Visual difficulties may be encountered with tasks requiring this cross referal constantly,
and task designs should minimise the need for it. The difficulties are aggravated if frequent visual
accommodation changes associated with the different visual distances of individual and wall—mo unted disp lay s
are accompanied by changes in pup il size because the display sources differ substantially in brightness
leve ls. General situation displays are normally far enough from the man to appear at visual infinity .

Wall-mounted disp lays often have specialised illumination , such as ultra—violet lighting or back or
forward projection . In some current systems , methods for updating this information have been little influ-
enced by modern technology. It is still possible to find wall displays which are amended manually from the
rear by writing a mirror image of the characters. In such displays , viewing panels must be transparent ,
and this can aggravate glare and reflectance problems.

The reason for recounting these traditional visual problems is that at present many radar operators
still work in these conditions , with a radar picture containing information near the visual threshold , wi t h
low levels of ambient li ghting of a spectrum which is compatible with the radar display but not with o~.her
d is p lays , and with combinations of near and far information displays which entail frequent head and eye
movements , and reaccommodation . Such working conditions have caused psychological and occupational healttu
problems in the past , and continue to do so.

3. OTHER TRADITIONAL PROBLEMS

3.1 Knowledge of Results

Anottmc’r long—standing psycholog ical problem associated with ground control systems , and part iculart y
with radar operators , has been the provision of adequate knowledge of results to show the operator the con-
sequences of his actions for the system as a whole , and thereby enable him to learn to improve his perform—
ince . Operators trained to follow standard instructions may have no clear idea of their true r h ’  within
tli ,’ system , or of the efficacy of what they are doing. If an operator has insufficient knowled ge of r e s u l t s ,
h i s tasks , which  stay alr ead y tend to he dull and tedious , can become even more so. Son~- tasks , parti cu l arly
those re l ,ur ’d to vig ilance (’) and visual search (8

~ , may he of a kind which man does inefficient ly but which
tmav, ’ to be done m a n u a l l y because they cannot be automated. Even the most expe r i enc e d , skill ed amid wet I—
motivated stun cannot perform , day aft er day, a routine vigi l,mnce task on a r,md ar display with a consist ently
hi gh level of success , particularly i f  he cannot t e l l  w h e t h e r  he is doing ttme t , m s k  well or not.

_ _ _ _ _ _ _  • _ _ _ __ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _
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1.2 ,~,itch Lengths

The efficiency of performing vigilance and search tasks decreases during a period of continuous work-
ing, al though this effect has been more clearly established in the laboratory than under operational condi—
rions and may to some extent be an artifact of laboratory experiments. In p r a c t i c e  it is acknowledged that
the man should  no t  do such tasks continuously for long wi thout a break. It is difficult to make firms recom-
mendations on the spacing, length and nature of breaks , since characreris tics of the task , of the individual
man , of the work ing environment  and of the equ ipmen t  are all re levant , but cont inuous watch per iods of two
hours are normally too long to maintain efficiency . For certain radar tasks , thir ty or forty minutes is
long enough to work without a break , and even during such short periods rhe level of proficiency may gradu-
ally dec rease , perhaps wi th a late improvement in performance if the man knows that a break is nearl y due (9) .
In extreme cases the period required to become fully dark adapted may approach the duration of each watch
period.

3.3 Postural Problems

in most groun d control systems , tasks are designed to be performed by teams . Controllers and operators
liaise closely with their colleagues, often to the extent of sharing displays or other facilities. There are
difficulties in desi gning furniture and in locating displays and controls within it to meet known ergonomic
requirements for individual operators (10). Tasks may require more displays and facilities than can be
accosmmnoda ted within the operator ’s immediate field of view or w i th in  easy reach.  lie stay have tc st re tch  or
lean in order to see in fo rmat ion  or to reach controls .  The most ser ious pos tu ra l  problems are associated
wi th shared horizontal information disp lays. There is inadequa te room for legs or knees under these dis-
p lays , and some operators therefore have to sit alongside them and lean sideways across them (l1) . The fre-
quent adoption of such postures reveals or aggravates any incipien t postural weaknesses.

3.4 Effec ts of New Display Technology

As air traffic control and air defence systems have come to rely more on centralised computers and to
incorporate new display princip les , many of the causes of cesium problems in ste-h systes’s ‘amm ich paid little
heed to operators ’ needs are no longer present. While it is potentially misleading t~ imply that displays
are sui table for normal dayl i ght v iewing by descr ib ing them Ss day ligh t displays or bri ght displays , never-
theless higher and more acceptable levels of ambient lighting can now be introduced into the workspace . The
arguments against day li ght at workspaces in ground control systems now concern its variability as much as
its brightness , wi th the need to maintain satisfactory li ghting during exterior darkness.

Problems arose in the past by giving radar operators a task which could not be done well because of
limi tations in human capabilities , by ensuring poet motivatiOn because the task was dull and knowledge of
results could not be provided , and b y requir ing the task to be done in a dark , t i r ing  and perhaps dep ress ing
environmen t to which operators had to adapt . For many tasks, primary radar can now be replaced by processed
radar presen ting computer generated information derived synthetically from primary sources. All such inf orm-
ation can be displayed in a form which is clear and easy to interpret. Deficiencies in the portrayal of
information originate in faults in the display specification , which can be remedied , and not in inadequate
data sens ing, which could not be circumvented.  Information is now more legible because modern displays wi th
a rap id decay ra te  and frequently refreshed picture have replaced displays with a low decay rate and conse—

~4uen t smearing of dynamic information. Several recent advances in disrlay technology permit all the inform-
ation presented to be bright , clear , stable and with good background contrast . These developmen ts acilitate
the interpretation of display content and allow higher levels of ambient illum ination.

As a result workspaces can now be designed to meet the needs of the man as well as operational require-
ments. Workspaces for many air traffic controllers and radar operators can be well lit so that they can see
to read and write without difficulty . While problems are still met in matching the li ghting of wall—mounted
an d individual  d i sp lays  and of radar and ad jacen t  non—radar d i sp lays ;  s a t i s f a c t o r y  so lu t ions  to such p rob lems
can now be devised. Since the working environment is clearly visible , materials and colours which  b lend  an d
look efficient and attractive should be chosen for it. Controllers and operators can go strai ght to t h e i r

wo rkp laces wi thout any period of dark adaptation .

These advances in display technology provide potential solutions for some of the commonest problems in
ground con t r o l  systems . U n t i l  new equi pment  has rep laced the old , those benefits remain potential rather
than ac tual. However in the long term the seriousness and frequency of the traditional problems associated
w i t h  r adar rooms should gradually decrease until they become uncommon. Meanwhile the requirements remain t o

equate local and wall—mounted disp lays for brightness , and to minimise the need to cross r e f e r  be tween  the m ,
by employing appropriate task designs in which computer storage and individual call—down facilit ies enable
the man to select for presentation on his own display all the information he needs for his task , including
a summary of the general situation if this is pertinent to his task or to his knowled ge of results.

Technological advances may also help to alleviate postural problems. Many prev ious f a u l t s  could  be
a t t r i b u t e d  to inadequate task desi gn, such as the need to s t re tch  up, reach over—head , stretch .,cross an
adjacsnt operator , or sit sideways with shoulders hunched in order to see an essential display or t o  bring
a control within reach . Nevertheless inherent equipment limitations sometimes ~rcve nted the formmm lation of
any adequate task design. Current and future systems place more emphasis on inter—console marking, on
actively retrieving requited information from the system , and on transmitting information via keyboard and
the ccmputcr rather than verbally . This leads to greater autonomy at individual work positions , and t e
indirect rathe r than direct consultations between team members. Tasks can now therefo re be desi gned for
individuals rather than for teams , and workspace designs opti-n ised for individual inst ead of team functions.
With increased individual autonomy the incidence of postural difficulties should decline . Tin expected
trend is towards vertical rather than horizontal displays. However , postural difficultie s may persist for
some years , as long as the equipment configurations which give rise to them remain in operati on al use.
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THE CL RRKN T PROBLE M OF STRESS

-..l Stress as a Stimulus

In  a i r  t r a f f i c  c o n t r o l  much a t t e n t ion has recently been paid to stress. It is now accepted that stress
is a~~fi~~lem in air traffic control , and the main emphasis is on methods of quantifying it and alleviating

There is no agreement on a definition of Stress or even on the sort of concepts which should be
used to describe it. The word ‘st ress ’ is used with two distinct meanings ; as stimulus (cause) and as
response (effect)

Stress as a stimulus is a very broad concept. It may refer to almost any aspect of the physical
en vironme nt , the tasks , or working conditions which in some way departs from the optimum . Numerous kinds
of’ measuremen t may purport to assess stress , incl uding performance and systems measures , physiological and
biochemica l ind ices , and sub jec t ive  r epor t s .  S t resses  may be classified as physical environmental stresses
(noise . co ld, e tc ) ,  load and speed s t resses  (having too much work to do or too l i t t l e  time to do it), task
induced stresses (responsibility for safety, etc ), social stresses (ability to work amicably with others),
and stresses associated with conditions of emp loyment (management quality, morale , shift work, off  duty
faci l itie s , job sa t isfac t ion, etc). Additionally, factors not directly associated with the work , such as
domestic or financial crises , may consti tute stresses which affect the man at work , mentally, behaviourall y
and physiolog ically. Stress must therefore be treated partly in general terms, insofar as, for example , all
loud noise may be a stress. It must also be treated in individual terms because the individual’ s recepti-
vity, his state of adaptation and the othe r stresses to which he is being concurrently subjected , all medi-
ate the severity of a given stress.

1.2 Stress as a Response

The concept of stress is also employed to refer to the individual ’s response to stress as a stimulus.
In this sense , stress is sometimes called Strain , or distress. Stress as an individua l response may be
measured behaviourally, subjectively, physiologically or biochemically. Stress is not necessarily unpleasant
and people may seek to generate it in their leisure activities . Its importance for air traffic controllers
or radar operators relates both to its associated physiological and biochemical changes and also to its effects
on performance and system capacity, often by reducing the workload the man can successfully undertake . The
nature of the indiv ,dual’s response to , and tolerance of, stress is probably linked to his personality.

Ambiguities about the concept of stress can be illustrated by try ing to define its opposite. In one
sense the opposite of stress may be boredom . In another sense , its opposi te may be having an op timum amount
of interesting work to do at one ’s own pace: boredom may then be a s t ress .

The number of published papers on stress in air traffic control is now very large , especially i n con-
trollers ’ own professional literature . Although some papers report scientific findings or statistical rela-
t ionships , many are mainly descript ive , or lis t postulated categories of stress. The findings of studies on
stress have often been used not to determine tolerable levels or to reduce it , but to claim better working
conditions such as earlier retirement , shorter working hours and rearrangement of shifts . While these may
be worth y aims the evidence to support such claims is not strong when derived solely from findings about
stress. Unwarranted preconceptions on the causes of stress in the individual have sometime s had undue influ-
ence on the interpretation of findings about it.

..3 Inconsistent Findings

A characteristic of studies on stress iii air traffic control is that findings from different countries
do not fully agree. Even with simple assessments , such as comparing the incidence of a few psychosomatic
il lnesses among controllers and other groups , the results do not tally, the problem being apparentl y more
severe in the United States than in the United Kingdom for example . There is no shortage of hypotheses to
explain this finding, but the evidence required to establish which are correct does not exist. Although
contro llers in both countries nominally do the same task , in fact the air traffic control procedures , the
divisions of airspace , the traffic densities and patterns, and the nature of the air traffic all differ. In
the United States there is far more general aviation traffic , often associated with less experienced pilots
and with fewer navigation aids in the aircraft. Controllers in the two countries are not drawn from equiva-
lent statistical popu lations , and are not selected in the same way. Their training is different , and also
their experience since policies about moving controllers to other regions and other kind~ of air traffic con-
trol are not the same . There are differences in work/rest cycles and in hours of work (1 ~~. Condition s of
emp loyment , standards of living, life styles , and quality of management may also differ. Further relevant
factors could be postulated , such as the status of air traffic control as a profession , the extent of the
individual’ s identification with his profession and the intrinsic interest of the job . Any satisfactory
explanation of differences in the incidence of stress—related illnesses is therefore likely to be comp lex ,
and not confined to a single factor.

Encouraging progress is being made towards deriving a stress index , sensitive to differences in air
traffic demands and to handling capacities (l5) . If the research continues to be successful , it raises the
issue of how a tool such as a stress index should be used. Some of the commonest findings about shift work ,
compa. ins sleep deprivation with various shift schedules , have not been verified when tested with air traffic
controllers (Ut ), and findings on controllers do not conform closely with what is known about diurnal rhythms .
The physiological cost of the controller ’s work is therefore a matter of debate .

a .4 Boredom and Stress

Whil e th~ problem of stress is mindoubtedl y serious and genuine in air traffic control , the recent emimph a—
sis on it has perhaps become’ excessive because it has led to the comparative neglect of other problems , par-
ticularl y boredom . Many radar and plotting tasks for operators are intrinsicall y tedi ous so that it is dif-
ficult t i re-i -h and maintain hi ghly effici ent performance of them. Operators find it almost impossi ble to
keep continuous ly alert , attent ive and vig ilant for a long period whilst scanning a display on which there
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is little to see. To increase the probability that a si gna l will be de t- et erl numerous strate - mu. It a -- been
tried , from istm-oducing additional false signals to providing automated aids or Sh ctr-i min g pet iods u~ con—
tinuous wor kirig ( 1) . Boredom may nut only reduce efficiency and m o r a l e  bu t  oI- r, impair safety. tn cldemrcs
or infringements of separation standards in air traffic control are not i l u s - associated with heavy traf-
fic , am-m d the alleviation of stress would not necessarily decrease such incide - m ts , since some occur in light
traffic. If the system is manned to deal with peak traffic loadings , at other time s the tasks may b borii ,
and too undemanding for the intelligent peop le requi red to do the job .

Attempts to alleviate stress usually entail some reduction in workload , b ut the successful attainment
of such a reduction may aggravate boredom and have further unforeseen consequences , re lated to a cosamon
dilemma in a i r  t r a f f i c  s- t ry 1 . Behavioural  measures  of a controller handling traffic at a busy centre
appear to show that he is overworked , of ten to the extent of performing several tasks concurrently.
Physiological and biochemical indices of the effects of such a workload on him suggest that his performance
is being achieved at considerable cost. Subjective assessments indicate that he is busy and may feel very
tired by the end of his work period. The behavioural , physiolog ical and subjective evidence agrees that he
is working very hard , perhaps too hard , and so it is argued that his workload should be reduced. El we v,-r ,
further questionning reveals that he likes to be busy and that the conditions which lead to stress and hi gh
workload also provide job interest , job satisfaction and opportunitie s to exercise skills. There is there-
fore some dange r that any successful solution of the problems of stress and workload may introduce problems
of boredom and dissatisfaction 5 which are themselves comp lex (17)

5. IMPLICATION S OF AUTOMATION

5.1 Man and Machine

The progressiv e introduction of automation and computer assistance into air t r a f f i c  con t ro l  and a i r
defence systems has led to several human factors problems , some specific to those systen s and others associ-
ated with most large man—machine control systems . Much automation has been of benefit to the controller ,
but sometimes the needs of man at work have proved difficult to reconcile with demands for increased system
capacity. Initiall y man and machine were treated competitivel y and lists were compiled f the functions
suitable for each (lO). Only those functions which could conceivably be done by a machine tend to be included
in such lists. Functions allocated to the man decrease with advances in technology , and they may be assi gned
to him not because he can do them well but because a machine cannot do them at all. If man and machine are
presumed to be so similar that princi ples for allocating functions to one or other of them can be compiled ,
these can be expressed only in machine terms . The data handling capacity of the man may be discussed , but
it is nonsense to discuss the pride of the machine . It does not follow because machine concepts are the
only common language that they must be valid but rather that since their adoption is a matter of expediency
their adequacy is bound to be limited.

A later development was to consider man and machine as complementary rather than co~~ et i tive and i try
and ensure that they matched each other rather than clashed in their allocated functio mis t ~ - Lis ts of
suitable functions for the man , comp iled on this basis , can acknowledge human attributes whereas a more
competitive approach cannot. Nevertheless many of the arguments against the competitive approach apply
e q u a l l y  to the complementary one.

C omp a r i n g  the man and the  machine  and  assi gning f u n c t i o n s  to each imp l ies  t h a t  t h e r e  is one bes t  way to
p e r f o r m  each f u n c t i o n . Whi le  this may general ly be true for machines i t  is not  a lways  so f o r  the man , par-
ticularl y in command and problem solving roles where differen t strateg ie s may be adopted and similar deci-
sions may be implemented by several methods . If there is one best way to do a task , it should be followed;
but if there is not , favoured individual methods which are safe and acceptable to others should be tolerated.
Otherwise the man may interpret the imposition of a single method as unwarranted flouting of his professional
skills and expertise .

From time to time strong pressures arise to introduce changes on the assumption that a technolog i c a l
advance must be an operational gain. It would be a considerable coincidence , however , if the operational
need for a new device happened to occur at the same time as its first appearance on the market. Many recent
advances in disp lay technology give the impression of innovations looking for an applic ation . A new display
principle is likely to incorporate the normal human factors problems associated with displays and also one
or two new problems peculiar to that principle. These might refer to renewal rate , clar ity, persistence ,
relations to ambient lighting or legibility. Trials of new devices are intended to demonstrate their advan-
tages but any disadvantages ate never explored with comparable thoroughness . As a result , inadequacies may
be revealed only when the equipment is in service, A current example is the interest in colour displa ys in
air traffic control where its benefits are emphasised but its known deficiencies tend to be neg1ected~’~~ .

5.2 Human Limitations and Needs

It is rare for an automated or computer—assisted function to replace the corresponding manual function
in its entirety . At an early stage of automation the computer stores and collates data , and the controller
or operator baa a facility for the selective call—down of information onto a disp lay. This may demonstrably
reduce his workload , particularl y if he does not have to enter information into the computer manually, but
to retrieve information when it is needed the contr oller has the estr a tasks of searching lists of items for
the one he wants and of using keyboards to call it down. He also has to learn and remember what is available
on call down.

Transponding of information can also save workload but at the cost of removing s o.- qualit ative sours.-s
of infoiinatioms from the system. As the volume of R/T comsunications between controller and p 4 lot is reduced
by direct transponding between air and ground , less informa tion is available to et ch about the confidence ~nd
competence of the ther. Each becomes less sensitive to the perceived needs of his list emter. information
conveyed hitherto by tone of voice , intonation , pace of speech , pauses , phrasing and choice of language may
be lost in automated data transmission .
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As automation is introduced into decision making and problem solving, which depend more on the control—
ler ’s skills and professional knowled ge , his role is changed. The computer may provide solutions to problems
which differ from those which the controller himself would have chosen. He tends to be uneasy about such
solutions , particularly if he does not know enough about the factors which have influenced the computed solu-
tion to judge whether he should override it or not. The role of the computer may be to formulate solutions
for the man to accept or reject. After a time , once he become s convinced that the proposed solutions are
always sa fe , the man may habituall y accept them. If a solution is later called into question , he may not
know why it was pcoposed and may not even remember what it was . Changes of this kind also have implications
for responsibility and job status . They imply that selection and training methods should be re—examined:
the abilities which once were appropriate for air traffic control or radar operating may be irrelevant in a
more automated system where different skills are needed, If this has happened , it raises the issue of
whether automation can be carried too far .

There is a tendency to presume that if the correct ergonomic procedures have been followed in task
design and in the portrayal of all the necessary information for a j -5 , then the man will be able to use
the information presented and perform his tasks efficientl y. Increasing ly in air traffic control and air
defence systems the distinction betweem i the provision and the use of iriforniation is assuming importance (21)~
It is not enough to provide all the necessary information without ensuring that it is in a f orm which the
man can use and understand. Man ’s limitations in processing information and in perceptua l judgement limit
the quantity and format of information which he can assimilate , yet the extent of Certain limitations only
becomes clear when a task can be automated and comparisons are made between man and machine . Consistently
efficient performance can seldom be achieved by a man a t search , vig ilance or monitoring tasks. He is a l so
poor at recognising errors which are plausible . Stored information , ava i lab le  on c a l l  down , may never be
used unless he can remember at the appropriate time that it is available . Well displayed relevant informsa —
tion which is not compatible with the man ’s norma l thought processes may be ignored or misunderstood. It
is often much simp ler to formulate automated solutions to problems than to devise a reliable means of ensur-
ing that the man can recall them.

Until recently, the discussion of many problems in system terms led to the comparative neglect of rele-
vant factots which could not be expressed in such terms . There is now a greater awareness of the relevance
of job attraction and job satisfaction (22 ) , of cha l lenge , of morale , of professional pride , of responsibi-
li ties and status , of the opportunities to acquire skills and to exercise them, and of the role of manage—
ment (23), in the efficient performance of tasks iii man machine systems . Alth ough the importance of these
factors is now acknowledged , many of the associated problems have not yet been solved or even seriously
studied in air traffic control arid radar operating systems . The potentially conflicting renuirements of
system efficiency and of the needs of man at work in a semi—automated system have still to br reconciled.
The effects of automation on the man are the origin of many current and future psycholog ica l problems in
these systems(24).

6. CONCLUSIONS

While the traditional visual and pos tural problems associated with radar and air traffic control tasks
may continue to recur for some time , recent developments , particularly in display technology , provide a
means for resolving many of them or reducing their incidence or seriousness. Problems such as matching
ambient lighting with radar and other displays continue to appear but more satisfactory solutions should be
possible in the future.

Stress as a problem , particularly in air traffic control , has now been acknowiedged and is being
actively studied. It is difficult however , to reduce stress and high workload levels without also reducing
job interest , job satisfaction and the opportunities to exercise skills. A further problem is that of bore-
dom, which becomes more serious as automated aids gradually replace manual functions .

In the allocation of functions to man and machine , only those which can be expressed in machine terms
can be considered for such allocation. Certain qualitative aspects of tasks may therefore be ignored when
allocations are made. Whether a given function should be done manually depends partly on the state of tech-
nological development: tasks may be assigned to the man not because he does them well but because the machine
cannot do them at all. Automation affects performance and efficiency, and also the roles of memory and
skill. As solutions to the traditiong l psychological problems become available new problems arise , some of
which originated in the methods adopted to resolve the traditional problems within a progressively automated
environment.
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DIS (USSION

-sir Cdre J .N.C .Cookc . UK
W i t h  the  i n t r o d u c t i o n  of new and automated systems , do yomm find any evidence of t ime
growth of a ‘generation gap ’ between the older controllers and those who have li t t l e
or no experience of the older methods.

Aut hor , repl y
There is a l r e a d y  w i t h i n  a i r  t r a f f i c  c o n t r o l  a gap b e t w e m n  o lder  c o n t r o l l e r s ,
t r a i n e d  i n i t i a l l y  in p r o c e d u r a l  m e t h o d s , mod youngm- r controllers , famili ar with
radar  f rom the  in s e t .  A gap may be de v e l o p ing  be tween  a l l  e x i s t i n g  control lers ,
used to m a i n l y  manual  m e t h o d s , and c o n t r o l l e r s  r e c r u i i , -d a t  p r e se n t  or in the
f m i t m i r e , who w i l l  be f a m i l i a r  with compu t er  ass i s t a n ce  f r o m  the o u t s e t .  There  is
howe ve r , no evidence of a major generation gap amomig ex isting comitr iler s in t i m s ir
itt I t u de tm au t o m a t i o n . M o s t  g ive i t  a o t u t  iou s  we icomi me , and hope I.. he convi mt - h
t b m t  i t  is of gen u i n e  siss i s t an e r -  to them.  Tim e c i  f e c  t s  oh  i m m o m a t  m m , , however • v t  rv
w i t h  mg . , b e m - a m m s v  u l d m - r  c o n t r o l  l t r s  have g r e m t t r  d i f f i c m m l t y  i n  h r m r m i i n g  new nm. t h mm td s ,
and t r l  i e u l a r i y  itt f o r g e t t i n g  m i d , f am i l i - m r  , b m m t  no l m s n g m - r  r - l e v m n t  i’ m m - - I ,  - s .
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ETHDR STA’PTSTIQHE SUN LA PATHOLOOTE DES
CONTROLETJRZ-RADAR DE LA CIRCULATION AERIENNE

SF.S RAPPOR t’S AVEC LE STRESS PROPRE A LA FONCTION

par

E. EVRABD
Médec in-consultant ~
EUROCONTROL (Bruzelles-Belgiqtse )

RES~~~

L’ auteur présente lea statistiques de la morbidité rencontrée dana deux categories de oontr3leurs-
radar : Un groupe de 693 contr~1eurs militaires, utilisant du materiel non autornatlsC et un groupe de
149 contr3leurs civils utilisant un système très automatisé. Lea statistiques y relatives portent
respectivement sur 7 annCes et demi et 4 années.

Le taux annuel moyen d ’Climination pour inapt itude physique ou menta le eat falble : environ O,’i %.

Les statistiques montrent une absence presque totale de pathologle visuelie et de pathologic
auditive, chez les contr8leurs utilisant les Cquipements trèS automatisés.

La pathologic attribuable a la ten~ion nerveuse est d ’interprétation difficile. L’au teur s’est serv i
de deux critères : l’inaptitude physique et mentale en cours de carrière et las absences pour motifs de
sante mupérleures a 9 jours. Lea affections qui auralent pa ~tre causées ou aggravCes par le stress
inherent a l’exercice de la profession sont peu nombreuses.

Dc la comparaison entre le taux de morbidité ~encontrée dans le groupe de contr~1eurs et las taux
constatés dana un groupe d ’asslstants-contrBleurs, Un groupe d ’élèves et staglaires et un groupe de
personnel administratif et technique du m~me Centre de contr~1e, ii rCsulte qu ’aucune pathologic spécifique
propre aux cont rBleurs-radar ne peut ~tre clairement mise en evidence.

INTRODUCTION

La determination de la charge de travail du contr~1eur-radar prdposé au service de contr~1e de la
circulation aérienrme f a i t  actueliement l ’obj et d ’études importantes . Elles portent mur l ’emploi de
critères psychologiques , physiologiques et opéra tionnels . Gerathewohi, Chiles et 5,1. Thackray (1) - (2)
ont falt c~cemment une mise au point de la question et ant cite , ~ cette occasion, les nombreux travaux
pubilés sur cc problème. Ii est unanimement admis que cette charge, darts les Centres de contr~1e
desservant des grands aCrodromea, peut ~tre qualifiée d ’élevée , solt d ’une manière continue, soit ~
cer talnes périodes de la journée.

La hut de la présente étude est de rechercher si lea réponses physiologiques et psychologiques qu i
accompagnent is perf ormance des contr~1eurs—radar peuvent aboutir , selon une frCquence significative, h
des formes pathologiques particulières.

Lea etudes s a tlstlques relatives ala morbidité constatée chea lea contrBleurs-radar sont peu
nombreuses. En outre leur interpretation est difficile.

Pour notre Ctude, nous avons rasaemblC des statistiques que noum avons récoltées dens deux groupeB
de cont r~ leurm-radar
1’ Un groupe de 693 contr~1eurs-radar de la Force mérlenne beige : nous avons recherché ies causes des

inaptltudes physlques et mnentaies, survenues darts cc groupe pendant une période de 7 arts et demi
(1cr Janvler 1963-30 juin 1970). Ce personnel n’s utilisC qua des systèmes non automa t isCs ;

2 un groupe de 149 contr~leurs— radar, en service dens Un m4me centre de contr~1e regiona l ou contrM e
“en rou te”, relevant d ’Eurocontrol. Ce centre fonctionne scion un système hautement automa t Isé. Son
personne l provient de sept nations d ’Europe Occident-ale. Nos observations portent sur 4 années
consécutives (l972-l97’~). A défaut de cas d’inaptitude physique et mentale pendant cette période, noun
avons recherché lea causes médictales qul ont just”1é lea absences pour motifs de sante. ~ pert it d ’unc
certalne durCe d ’absence (absences supérteures ~ 9 Jours).

Nous avons essayC de earner le problèmme dans le cadre suivant.. Wous eonstdérons d ’une smanlCre
d istinc te les tro is aspec ts généralement étudlés dana la pathologic du contrBleur-radar
1. 1st pathologic visuelle;
- 
. is pathologic auditive; —

~~. 1st pathologic cmnusée par la tension nerveuse et l~ surcharee emotive. Rn cc qut coneerne cette
pathologle oia Se marqueraien’ lee effete du stress, notre recherche s’est l imitCe , par souçl de
s’m’icte objeetivitC , aux axes sulvan ts, afin d ’Ccarter l ’intrusion de critCrea utilteant des donnCes
qut mC r lt -er ate nt le reproche d ’avolr  un ca rac t~re subje .~t if
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a) La stresS inherent aux activitês du oontr~ leur—radar peut , par eon inteneitC at Se rCpét it ion , avoi r
des effete tels qua cea derniars aboutissent ~ créer l’inaptltude definitive a la ronction. D’oü
l’Ctude dee causes médicalee d’inaptitude dCfinitive du personnel.

b) La stress, sans dCboucher sur cette extrémit~, peut ~tre suffisarit pour causer des arr~ts mo4aentanCs
dens l’aotivitC professionnelle. D’ol~ l’Ctude de~ causes in~dicalee reeponsables des absences pour
motifs de sante.

Nous avons done adoptC deux oritères objectife pour classer nos donnCes statistiques relatives aux
ef’t’ets du stress l’inaptitude definitive a la fonction pour des raisorts médicales et lee absences d’une
certajata durée pour cause médicale.

Cer tes, le stress peut ne pee provoquer l’arz4t dCuinitif ou momentanC de l’activitC profesalonnelle,
mais ~tre nCanmoins suff1aan~ient intense pour dCtérlorer la performance et causer l ’appar ltion d ’une
certaine symptomatologie qul eat souvent a base de manifestations psycho-somatiques diversea . L’Ctude de
la symptomatologie dont lea rapports avec la charge du poste de travail ne peuvent ~tre exclus a priori es’

• intéresmante. Mais, af in de ne prendre en consideration que des critères objectifs, nous n’avons paa tenu
compte de cette symptomatologie. C’est aussi la raison pour laquelle noun noun sommes abstenus d’utiliser
la méthode des questionnaires a remplir par chaque membre du personnel faisant l’objet de l’Ctude.

Nous pensons néanntoins qu’avec lea deux critères que nous avons choisis, nous avons retenu la majeure
partie de la pathologic mCritant consideration pour lea objectifs pourmuivls.

I. PATHOLOGIE VISUELLE

Noun avons longuement décrit dana des travaux antérieurs (3), (4 ) ,  lea facteurs visuels qu i inter-
viennent dana la presentation des données et dana leur lecture sur l’Ccran—radar et sur lea tableaux
d ’af flchage. Ils conditlonnent l ’exlstence ou l ’~~bsence de la pathologic visuelle. La fatigue visuelle
des lec teurs de l’écran-radar, appelée aussi “fatigue opérationnelle du radariste” , sur laquelle lea
travaux médicaux lnsistaient quand n’existait que le radar manuel, ne se rencontre presque plus avec le
radar automatisC. Elle prend la forme d’une irritation oculaire du genre “conjonctivite”, caractCrisée
par des picotements, des larmolements, uric congestion du bord libre des paupieres, uric hyperémie
conjonc tivale , des eCphalCes sus—orbitaires .

Dana les travaux publiCs jusqu’aux environs de 1960, on note uric aasez grande discordance entre 1cm
auteurs sur la frCquence de cette fatigue, maim cu e  sembla nCanmoins avoir Cté importante. Marcier et
Perdriel (5), dana un travail paru en 1961, signalent qua 20 a 40 ~ des lecteurs examines auraient
prCsenté ces signes au cours tie l’exercice tie leur fonction pendant uric période de 2 ens.

Nous avons recherché par l’Ctude des dossiers médicaux, l’existence de ces cas chez le personnel
d ’Eurocontrol. Rappelons que cc darn ier utilise de l’équipement automatisé. Sur uric pérlode de 4 ans,
nous avons relevé 10 cas chez les contr~leurs-radar, soit sin pourcentage annual moyen de 2,37. Un seul
cas entra~na uric absence supérleure a ~ jours.

A titre de compa ra ison, nous avona recherché l’exlstence de cas similaires chez les assistants—
coritraleura et chez lea Clèves-contr~leurs. Nous avons relevé 4 cas chez lea assistantm-contrBleurs, soit
un pourcentage anxtuel moyen de 1,88. Ii n’y cut pas de cas chez les élèves-contrSleurs.

Ces faibles pourcentages montrent qua cette pathologic est en tree nette regression. Elle eat
appelée a disparaltre ou ne se manifester qua très occasionnellement darts des circonstances spéciales
(intensité lurnineuse excessive produite b r a  du derangement d’un scope, mauvaia réglage du rythme des
images lumlneuses, etc...).

Lea crt tères visuels tie selection, las conditions modernes de visualisation des données sur l’Ccran
da na uric ambiance lumincuse comprise entra 160 at 200 lux, at lea progrès techniques qui ont abouti a
supprimer Ic scintillement des images lumincuses (flicker) permettent maintenant de rCduire considerable-
ment ou de supprimcr les sources de la fatigue vlauellc at de la pathologic qui lui est liée dana be
t ravail a l ’écran.

II. PATHOLOGIE AUDITIVE

Elle ne prCsente aucun caractère particulier chez las contr3leurs de la circulation aérienne .

Quand d i e  se prodult, elle se man ifest-c come chez l ’av iatcur par une reduction lnsidleusc de
l ’acu ité —sm -l ive sur les fméquenccs tie 3 (S M at 4000 hertz; ensuitc le trou auditif gagne las fréquenccs
mo m s Clevées. (‘et.Le fatigue auditive m t  relativemen peu frCquente darts La pathologic propre au
con- r~’,ieur—radar.

I . Darts le groupe des cont.r~ leurs ~~~~~~~~~~~~~~~~~~~~~~~~ nous avons rencontrC en Un an trois cas sic contr~leurs
my ’ rm un -I’ f tcit supCrleur 1 20 I~ r heir ASA sur la f rCquence -h e ~ her z I sine o r ei l l e , trials
r~~ponIar ’ encore iux conditions d ’aptttude . Nous n ’nVonS r-er con~ r~ aucun cas prCsentani. un ci dm~t ic i t
chez lee ri - - m n , lea staglair-es e~ las a s s l s t a n t s— c on t r ? m l e u t b .
(
~hez ~~~~

‘ contr~ leurs he i - i  Porce aér ienne belge ( ‘ ) , su rvoi ll és  au cours d ’une pértode de 7 ans m

m r ois su m e m s  ont ét,~ C lim InCs en raison des d~ ficiences i r m i m ’  yes, sol un nux aimnuel h ’ il r m m n - m  ‘~nfl -t e ,~~~

- -  -~~~~~~~~
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5. fluns la stat istique astCr icaine c 1 t ~r- par 1 e z m anrm (6) , on trouve 30 cas d ’lnaptitude pour dCfi-
c iences auditives darts une sen t de 1 .500 contr~ leurs surveillés pendant 25 mois , sol t  sin taux
annuel d ’Cl imlnation me C, i~~-~ ‘~~,

11 ramble donc raisonnable de dire que le taux annuel d ’élim lnat iori  pour raisona auditives eat
faibi e et se situe aux environs de u .1 ~~ .

III . PATHOLOGIE DUE A L~ TENSION NERVEUSE

1. Généralités

(1) Causes

La fonction essentlalla du contr~ laur , darts l’accomplissement de son travail , est is prise de
decisions sun le dépbacemcnt des avions darts be secteur qu ’il eat chargé de contreler : choix des
n iveaux de vol , de la route I sulvre , de is modification tie la trajectoire lors de la detection des
situations sic conflits avec l’itineraira suivi par d ’autrca avions et iors de la detection des
retards darts l ’écoulement de la circsilatjon aéricnne an cas d ’encombremcn t d ’un secteur , etc ...

Dana lea systèmes non automatisCs , be contr3leur dolt , en outrc , preparer, classer at ordormnar
lea informations servant de base I sa decision. II ne dispose que d ’lnformatlons relativement brutes
qu ’il dolt d ’abord ra f f ine r.

Dana lea systImes trIs automatisés — c ’aat le cas pour be centre d ’Eu rocontrol qua nous averts
Ctudié - lea machines peuvent aider le contr~leur darts son pouvoir cia decision. Dana ce cas, be
contraleur peut n’avoir qu ’l analyser lea donrtées élaborées en équlpe et présentees d ’urme manière
rationnelle par lee machines. Mats, en de f in i t ive, Si son travail  cat grandement f ac il i t é , la
responsabilitC de l’entérlnament tie la decision propoaée but it-icombe encore , après qu ’ll al t cla ire-
ment. identiflé et verifie les parastètrea sur lesquels repose sa decision.

M~mc avec i ’aide considerable qu’apportent lea nouveaux systèmes hautement spéctlalisés, lea
activités d ’un contr3leur de Ia circulation aéricnne demeurent stressantes par nature.

Ii n ’est pas doutcux qua las responsabilitCs I assumer , I’intensité du travail I certaines heures
de c ircula tion dense ou compiexe, la concentration soutenue de l’attention , la consc ience des cons~-
quences catastrophiquas d’unc erreur crCert une situation de tension constante. Celle-ci paut
aboutir I la surcharge emotive chez des sujets dont be contr3le psychique eat labile ou s’est
affaibli 1 macsure que la tension crolt. Il en résultc alors un surmenage nerveux dont la cause cat
attribuablc I ia repetition des surcharges émotlves. Ii va de sol que l ’intenalté de is charge dc
travail peut varier d ’uri cen tre I l ’autre e t, dans un m~me cen tre, d ’une heure I l’autre.

(2) Pacteurs favorisants

tAt r~ie favor i~ ant dana l ’appari t ion de Ce surmenage nerveux est dCvolu I un certain nombre tie
facteurs. On lea rencont’~ darts t ie nombreux autres syndr~mes de fatigue .

Lee plus importants sont des facteurs totalement extrinsèqucs au milieu tie travail difficultéa
famtl iale~ , qonjugalee, ennu is financ iers , professlonnels, activité accessoire lucrative mals
fatigante pendant les heures de boisir, etc...

D’autre~ facteurs sont lies Cu lieu et aux ctonditiona tie travail. lbs terxlent I perdre beaucoup
tie leur importance en raison des ameliorations nombreuses qul ant Cte apportées récemment I beaucoup
tie centres d~ con tr~ le . Ces fact-aura aont , par exemple, be bruit du milieu envlronrmant , is tempera-
ture excessive règnant parfols dana des sables de travail non cbimatlsées , le séjour en m il ieu
confine ou souterrain, etc... Ii est tree dufficibe d ’évaluer la pert tie tous cam fact-curs, gut

au stress professtortneb , darts le stress global qut affecte l’ irmdividu .

(3) Facteurs tie defense tie l’individu centre ic stress

La stress n’a tie sens que borsqu t il eat rapportC I l’lndlvidu qul ie subit. C ’est pourquo i, on ne
dol t pea seulemen t conna~tre la nature et l’irmtcnsitC du stress. 11 faut encore tenir compte de la
capecitC de résistance du sujet qui subit le stress, des moyens cia defense qu ’il trouve darts as personnaitté ,
son groups social ct son milieu professionnel (cadence des périodes tie travail et de repos, congCs
reguliers, repartition appropriCe du travail tie nuit , cohesion ties Cqulpe s, etc...).

(~$) Manifestations peycho-somatia~es du stress

On s’est demandé el la rCpétition des surcharges Cmotlves chez lc personnel des services de contr~ le
de la circulation aCrienne et plus part iculièrement celui du contr~ le radar , ne provoque pee unc usure
physfologique plus rapide que dane d ’autres groupes de personnel ayant des occupations moths stresmentes .
Pour tenter d ’appo rter une répona e, nous avons appliqué las deux critères que nous avons déjà ment lon n Cs
p ius hau t , pour évaluer les effets du stress sur is sante du contm4ieur. 
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2. Etudes statistiques sur l ’inaptitude physique ou mentale definitive a la fonction

Lea statistiques qul paraissent las plus objectives et bee moms eujettes I controverscs dane
leur interpretation sont celles gui portent stir lee causes médicabee d ’inaptitude physique at
mentaba chez las contr6beurs tie be circulation aérienne en coura tie oarriIre, après sine durCe minima
de 2 arts tie service. Rappelona que Zetzmann (6) ,  précCdeninent mentionné, cite bee causes métiicalee
ti ’inaptltude chez 147 contr~baurs américalns des services civils tie contr~le tie la circulation
aérienne sur un total tie 12,500 contr3beurs surveillCs pendant 25 mols. I.e taux annuel moyen d ’éb i—
minations pour inaptitude physique ou mentaba est done tie 0,588 %.

Salon Zetzmann, troim groupes d’affectiona , attribuables au stress dana uric certaina sesure,
reprCsentent 45, 6 %  tic la pathologie causale des Ineptitudes (67 cas). Ce sont
— ties affections cardio—vasculaires 24,5 %~
— des affections neuro—psychiques 12,5 %;
— des affections gastro—intestinabes et métaboliques 8,6 %.
I.e taux d’élimination oü b ’action causale du stress emt probable eat done de 0,257 par 100 hormnes par an.

a) Dana le groupe des 693 contr~beurs-radar tie la Force aCrienne belge, 15 eujets furent éliminés pour
inaptitude physique ou mnentala au cours da la pérlode de 7 ens et demi CtudiCe.

Ce groupe se tiCcompose come suit

367 sujete sont demeurCs aptes au cours de la période êtudlCe;
15 sujets sont devenus Inaptes pour des raisons mêtiicabes, après plus tie 2 ens de service;
311 sujets quittIrent be service au cours tie la période Ctudiée pour ties raisona n ’ayant aucun rapport

avec leur aptitude phys ique ou mentabe (dCmission , mice 1 1st retralte, mutation ti’empboi, etc...).
lie ne peuvent done ~tre retenus pour lea calculs statietiques de morbidité.

La tableau 1 fournit lea causes mCdicales tie l’inaptitude phys ique ou mentale et l ’~.ge des sujets .

Tableau 1 — Causes d ’inaptltude physique ou mentale I ba fonction tie contrBleur darts be Force
aCrlenne belga de 1963 I 1970.

Causes médicales & inaptitude physique ou mentale Nombre de cas Age Rema rques

1. Affections neuro—psyohiques
Névroses d ’anxiCtC 8 48 ans (1) Sujet prCsentant

42 arts en outre Un
40 arts peptique
4o arts
39 as
37 as (1)
36 arts
34 arts

Crises convulsives d’orlgine indétermlnéc 1 40 arts

2 . Syst ème cardlo—vasculaire
Hypertension 1 47 as
Sténose aortique 1 37 aria

3. Vision
DCficience visuelle 1 31 arts -

4, Audition
DCficience audltive 3 31 arts (2) fut aritCrieurement

35 axis membre du Personnel
43 arts (2) navigant (navigateur)

Pour lee 382 oontr~ leurs entrant en ligne tie compte, be coefficient annual moyen d ’inaptitude physique
ou mentale eet de 0,54 %. Il eat done sinillaire I celui fourni par l’Ctude tie Zetzmann. Quent au taux
annual moyen d’Climination pour ties affections oü b ’action causale ‘u stress eat probable, ii ea t de
0,314 % en utilisant la n m e  classification que celle tie Zetzmann. Ce taux eat relativement proehe tie celul
fourni par la statiatique amérioaine de cet auteur. Toutefois, la repartition ties affections causales
attribuablee au stress par rapport I toutes lee causes d ’inaptitude set tiifférente
- affec tions neuro-psyohiquec 53,33 % ;
— afteotiona oardio—vaecuialras 6,66 %.

On dolt admettre qua lea ta ux annu.la d ’Eilmlnat ion , qua l ’on trouve dane lee deux groupes cites sont
tree faiblee. 11 eat probable qu’ils ne correspondent pee d ’une msniCre strict-c I la rCalité et qu ’Ils
tievraient ~ tre sin peu plus ClevCs. En effet, ii act impossible de tiCterminer dana quelle meeure du
personnel démiasionnaire et du personne l ayant obtenu, I sa demnsnde. un changement tie fonction , ont présentC
uric baisse de motivatIon k is suite ti’un é t t  ti’anxtCtC. Cat Cta t , s’il deviant tie plus en plus insuppor-
table en raison des responsabilitCe inhérentes aux prises tie decision darts des situations di f fi c i le a, petit
avoir incite le sujet I quitter be service. La vrale na ture tiu cas Cchappe ainsi aux autorlt Cs méd1c~t lee
at aux statist iques médicalee. r ’tème art tenant com pte tie ce tte correc ti on, on peut esttmer que ie taux
annuc i moyen d ’Cltminat ions pour inaptitude physique ou mentale Sc sltue entre  O,’~ Ct o,8 ~~. 
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b) i tus le t~rou pe des con tr~,1eurs—radar d’F.urocontrol qua nous avorts suivis pendant 4 arts, ii n’y eu
‘ucurw ~1lminatlort pour inaptitud e physique ou menta le .

Ccc l rt’ u rien d ’étortnartt en raison du nombre restreint tie sujets faisant. l’objet de l’étude, tie leur
selection préslable 1 l’adm ission , de la durde relativement courta tie l ’observat ion (4 arts), da l ’~ ge
des sujets dont plus tie So ~ rt ’ortt pas 40 arts (voir  tableau 2) .

Tableau 7 — Repartition des contr8leurs-radar sebon leur ~ge

Pourcentage des sujets par eatégorie d ’~ ge et par année étudiée
Categories ‘

~~ e - - - . -lere annee 2eme annee 5eme anriec 4inie annee
73 sujets 91 sujets 108 sujets 149 5uj e~ s

19 - arts i’~,O6 8,79 3,70 1,34
— 29 arts ~1,9l 27,47 19,44 30,20

50 - 34 arts 20,54 16,48 t~ ,3~i 30,87
— 59 arts :-~ ,:~8 27,47 77 ,77

40 - 44 arts 10,96 10,99 7,41 ,

4 - 49 arts 8,22 8,79 8,35 6,71
r O _ S 5 ans - - -

.. t~- udos sta t is * igues sot les absences pout- m otifs de sante

Des la recherchc des causes des absences pour motifs de sante, nous avons tertu compt e que selon la
réglemerttation en vigueur I Eurocontrol des absences d ’urt, deux ou trois jours ne doivent pas ~ tre
nécessairement justifiées par un c e r t i fi c a t  medical jusqu ’I un total de 1 jours d ’absence par période tie
12 mots. Il eat done pratiquemant impossible dc connal t re lea raises médicaies vOrltables em prdcises
tie tous cas brefs congés. On pout supposer qu ’ ll s ’—~~i ’ le pius souven t u ’irtdisposltiorts de courte durtie,
d ’épisodes tie fa’igu e , de soins dentairea , d ’affee tions de gravité ttmineure. C ’est pourquo i , d ’une
manUmre a rbit i- a i r e , rtous n ’avorts m-eche rch~ les mot i f s  médicaux d ’absence qu ’I partir d ’un total annuei tie
10 j ours d ’abs enco au macins .

Pu isque le but tie l ’étude es m :ie m-echem- chem- l ’exlstence éventueiie d ’une patho1o~tie propre aux

con tr6leums-radar, liée I la cham~~e - i e  ~ravail e au streSs de la profession , 11 nous a peru nécessaire
d ’ t n t rodu lre  un Clement do comparat son avec d ’a tres eate~ orteS de sujets sousmis I des conditions de
mil ieu  s imilaires mats ne participant pea a cc stress spécifique. C’est pourquo i l ’étude a également
porte au cours de ces quatre artnées
- i .  our des élèves contr~1eurs en formation ou en stage de p erfec t l or tneme nt ;
b. sup des assistants—contr~1eurs .

Ces dern i er s  sortt des aides Int imement  associés au t rava i l  des conttBleurs . Leurs act ivi tCa se
passertt darts le m~ me m i l i e u , mais u s  ne supportent pas le poids du s t ress  h e  I is m e sp o n s a b i l l t d  des
pr i ses  tie -t ~~e0~ i o m m , ni la tension rterveuse que pr ovoquertt  l ’ encombrement des routes aCriennes e
c~- z - t a l n e s  s i t u a t i o n s  ttiffic lies dana le sec teur sérien sous cort tr~~1e. En outre , pour- pou r t m  eom-- 2 . O t e :
les compara isons , rtous avons également rassemblé des donnties rtunmCriques relatives cmix absences pour
ralsonS de Sante du personnel aclmlnistratif e techn ique du m’ème Cent me , pendant use pCt-iode d ‘un mn .

Lea t roth  caN ~gor - ies  de personnel a ffec t é  no service opCrationnel du contr6le aCrien se p p- mm
c ommune s u i t  durant  lea 4 annCes sur lesquelles porte l ’~~tude (voir  tableau 3) .

Tableau~~ — Re p a r t i t i o n  du personne l opCrationrie l lu contr ~ le aCr ien

-~ 
‘ C L v e o — e o r i t r B i e u r s  No ambre - t ’ass w a —

ArtnCes !Iomh re tie ~‘u - m 7 L e u r s — r a d a r et  de s tagiaires  c o n t r - ~ 1eurs

here ann ée 7’ 79 70

2ème année ti 50 0

3ème année I . 82 1
4Ome cnnmte t - ~ 40 62

En raison tie l ’lnfi-m ~- r - - p m m t  I-Ic 1 ’- 1 ‘~I u- air Ia po hologle CtudlCe , ii r e l m v t S O  t o t  qime N
cel ia—c l est  toujours pr Cm - m -  i I m d  10 mm is m t p t r t  It t o r i  des sujm0 5 1 ‘ t p m r  I t m i m  lee . Pout

l’~ ge des contr8leurs, On se u - - . m i l  m m  I t - t i m  , iCjS pr~sen tC cl—avant.
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Graphique 1 — Taux artnueh moyen tie morbidité attribuable au Stress C t  pi-ovoquarit tics absences
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Graphique 2 - Taux annual moyen tie morbidité attribuable I des classes tie maladies pouvant ~tre dues
au Stress

Affec tions diges— Dystonie neuro— Hypertension Irritation

~ 
t ives 

~~e~~~
t O11 vegetative sanguine 

Anxiéte 
oculaire

-e
C I5m I I

I I
o I I I
C I

I I I
S I ‘ I

S j , I
I I I

Is - I - I I I - Ip I I I

I I 
* I I I

, I i I I I I I
I I I __________________

1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3  4

a. Absences chaz lea contr~leurs—radar

La tableau 4 fournit la repartition ties contr’~leurs—radar salon ba durée tie leurs absences pour
ralsos da sante.

Tableau 4 - R~~~rtition des contr~beurs—radar aebon la durée des absences pour raisos tie sante

lère année 2lme anriée 3ème annCe k Ime annee
Nombre tie Jours
d ’absance pour Nombre tie Nombre tie Nombre tie ~ Nombre tie
raisons tie sante sujets sujeta sujete - sujeta

0 Jour 22 30,1 14 15,38 16 14,8 23 15,43
1 1 9 jours 40 ~4 ,8 30 51,65 50 46,3 74 49,66
10 I 20 Jours 5 6,85 19 20,88 28 25,9 34 22,81
plus de 20 Joura 6 8,25 11 12,09 14 13,0 iS 12,08

Au total , 11 y cut en 4 ens 135 cas dont la tiurCe des absences pour rat-sos de sante totalisa plus
-t e q jours par an.

Hous appi iquo rts las m~mes crit ères que ceux utibisCs par Zetzmann pour be clas~ emnen t dee maladies o~i
Ic s ress a probablemertt Joué le rale d ’agent causal ou aggravant.

Our lea 135 ccc d ’abaenc e, nous avona rebevé qua dana 22 eas , Ii eet probable, male non prouvé, que
l’affectlon pourralt avoir etC causCe ou aggravCe par le stress inherent I l’exeroioe tie la profession
ou I is charge tie travail qu’.lle comporte.

Ce sont :
- hypertension sanguine tie caraotCre labile

(hypertensIon supCrieure I 150—90 nun tie mercure ) 5 cas
— aft er ions gastro—inteetinales
(1) gao rites ct gastro—entérites chroniquee 7 cas

L 

(2) mo- -i -es gastriques ou duodCnaux 2 OSS 
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— tiyatonle neuro—vegetative 7 cas
— episode anxieux 1 cas

Ccc 22 cas reprCeentent 16,3 % de l ’ensemble tiu groupa ties contr~1eur’e ayant etc absents pendant plus
tie 9 jours par an pour dee ralsons de sante.

b. Absences chez bee Clèves—contr3leuis et stagiaires

La repartition du personnel d’après l’&ge est fournie par be tableau 5.

Tableau 5 — Repartit ion dee Clèves—contrSleurs et staglaires ti’aprCs l~~ge

Pourcentages tie sujets par categoric d’age et par année

Categories d ’age lIre annCe 2Ime annCe 3ème annCe Cèma annCe

29 suJets 50 sujets 82 suj ets 46 suJets

19 - 24 arts 34,48 20 21,95 23,91

25 - 29 arts 51,72 46 48,78 41,33
30 - 34 arts 13,68 28 21,95 32,61
35-39 ans - 6 6,09 2,17
40 - kk ans — — 1,22 —

45 - k9 ans - — - -

Pour be périotie considérCe , be quesi-totabitC des sujets n’atteint pas l’aga tie 40 as

La repartition des ClIves—contr~leurs et des stagiaires s’établit commune suit, ti’après la tiurée tics
absences pour raisons tie sante (voir tableau 6).

Tableau 6 — RCjiartitiort des élèves—contr6lcurs at staglaires scion la durCe des absences pour rat-sons
tie sante

lIre année 2ème annéc 3ème annCe 4Ime année
Nombre tie
Jours d ’absence Nombre tie Nombre tie Nombre tie Nombre cia

pour rat-eons suJets suJcts sujats sujets

tie sante

0 Jour 11 37,93 i6 32 24 29,26 8 17,39
1 1 9 joure 14 48,28 23 47 45 54 ,88 25 54,34
10 1 20 Jours 2 6,89 7 14 8 9, 76 9 19,56

plus tie 20 Jours 2 6,89 4 8 5 6,10 4 8,69

Au total, 11 y cut 41 cas dont is durCe ties absences pour rat-sos tie sante totalisa plus tic 9 Jours
par an.

Ce n’est qua dana 10 oaa qu~il eat probable, main non prouvC, qua i’affcction puisctc avoir ét~
causCe ou aggravCe par le stress inherent è l’apprentissage tie la fonction ou 1 la charge tie travail

qu’elbe comporte. Ccc 10 cas sont

— Hypertension sanguine tie caraotère labile
(supCrieure 1 150—90 nsa tie mercure) 1

— Système digestif
(1) gast rites ou gastro—entCrites chroniques 3
(2) ulcus gastrique ou tiuodCnal 0

- DiabIte sucrC non inaultno-dépendant 1
— Dystonie neuro—vCgCtative 4
- gp lsode anxleux 1

Ces 10 cas reprCsentent 24,39 ~( tie i’ensemble tiu groupe des Clèves-contrSleurs et stagiaires ayant

etC absents plus tie 9 Jours par an pour ties ratsons tie sante. Ce pourtmentage cut. supérteur I celul
relevC darts be groupe des contr3leurs (16 ,3 ~).

c. Absences chez bee ass istants—contraleurs

La repartition ties assistants—contraleurs d ’apr ès l ’~ ge est fournie par le tableau 7.

I.~~ —~~ —~~~~~~~ - L ~~
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Tableau 7 - Repartition ties assistants—corttr3leurs d’après i’age

Pourcentagee tie sujets par categoric ti’&ge et par année

Categories ti’~ge lIre annéa 2ème annéc 3Ime année 4èine anné e
25 suJets 69 suJets 61 suJets 62 sujets

19 - 24 arts 24 37,68 21,31 12,90
25 — 29 as 56 43,48 42,62 51,61
30 - 34 arts 20 15,94 31,14 29, 03

- 39 as - 2 ,89 4 ,92 4,85
40 - k4 ans — - — 1,61
45 - k9 ans - — - -

Pour be période considérée, tians leur quasi—totalitC, ces sujets son t ~gCs tie mom s tie 40 as.

La repartition des assistants—contr8leurs sebon be durée ties absences pour rat-sons tie sante eat
fourniè par le tableau 8.

Tableau 8 — Repartition ties assistants—contr8baurs salon la durée tics absences pour raisons de sante

Nombre tie Jours lIre annee 2èmc année 3ème année 4Ime anmaCe
d ’absance pour Nombre tie Nombre tie Nombre tic Nombre tie
raisons de 

sujets sujets suJats sujets

0 jour 6 24 14 20,28 10 16,39 4 6,45
1 1 9 Jours 12 48 39 56,52 31 50,82 31 50
10 I 20 Jours 3 12 11 15,94 13 21,31 18 29,03
Plus tie

20 Jaw’s 4 16 5 7,26 7 11,48 9 14,52

Au total , il y cut 70 cas tiont ba durée ties absences pour rat-sons de sante totalisa plus tie 9 joura
par art.

Ce n’est qua darts 9 cas qu~il eat probable , maie non prouvé, que l’affectiort puisse avoir ete causCc
ou aggravCe par be stress inherent I b ’exercice tic la fonction ou I la charge tic travail qu’eble comporte.
Ce sont

— Système digestif
(1) gaetrites et gastro—entérites chroniques 5
(2) ulcus gastrique ou tiuodCnab 0

— Dystonie neuro—végétatlve 4

Ces 9 cas représentent 12,85 ‘t~ tie i ’enscmbbe du groupe ties asslstartts-contr~leurs ayant etC absents
plus tie 9 Jours par an pour des rat-sos tic sante. Ce pourcentage eat tionc infCrieur 1 cebui rcbevC dana
be groupe ties contr8leurs ..

ti. Absences chez be personnel atirninistratif at technique ne participant pea aux activités opCrationnelbes
tiu contr8le aCrien

Atm do completer les possibilités tie compcraison avec be groups ties corttr8leurs, nous evans groupC
dana is tableau 9 las absences pour raisons tie sante se rapportant au personnel admn inietratif et techn ique
du Centre tie contr6le aCrien o~i fonctionne le groups tie contraleurs fat-cant l’obJet tie cette étude. Ce
personnel administratif et technique comprenti 158 personnee. Las statistiques ne se rapportent qu ’I one
Seule annCe.

Tableau 9 — Repartition tiu personnel administratif et technician aebon Ia durCe ties absences pour
rat-sons tie sante

Ncmbre tie Jours d ’absence pour raisons de sante Nombre tie sujets Pourcentage

0 Jour d ’absence 55 34.81
d, 1 1 9 joure 63 39,87
de 10 I 20 jours 26 16 ,45
plus tie 20 jours 14 8,85

Au total . ii y Cut donc 40 pereonnee (25,32 %) tiont is durCe des absences pour rat-sons tie sante
total isa plus de 9 jours par an.

Ce ~~~~~~~ que dane 5 cae qu ’il est probable , maie non prouvC , que l ’affect ion paisea avo ir CtC oaueCe
ou aggravée par Ic strec~ it-C I la charge de travail  inhCrente I is profession .

_ _ _ _
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Ce sont

— Affections gaetriques 3 cae
— Dys tonics neuro—vCgCtatives 1 cas
— Affection psychiatrlque 1 cas

Cee 5 cas reprCsentent 12 ,5 % tie b ’ansembla du groupe da cc personnel ayant Cte absent plus tie 9 Jours
au coure tie l’annCe pour dee rat-sons tie sante.

Ce pourcentage eat analogue 1 calul do groupe des esalstartts-contr’~leurs at inférieur I celul du
grou ps ties contraleurs (16. 3 %).

e . Compa ralson tie certaines donnéee statistigues rebevées darts bes divers groupes étudiés

On a expliquC plus haut bes rat-eons pour lesquelles les absences inférleures 1 10 Jours sont tiépour-
vues tie valcur d ’interprCtation tians l ’optique qui nous intéresse. Pour las quatre groupcs tie sujets ,
nous avons rassemble das oinq classes, correspondent aux grands systImes, las maladies qui Sont causes
des absences supérieures 1 9 jours par an at dortt las rapports avec be Stress profassionneb sont possibles
ou probables. Dane be but ti’Ctabbir dee cc.nparaisons, nous avona calcubé pour chacun ties 4 groupes tic
personnes, le taux de morbitiité annuelbe moyenne. On obtiertt bes résultats ci—après (tableau 10).

Tableau 10 — MorbitiitC annuelle moyenrie en % darts las classes d’affcctias pouvant ~tre dues au
stress at intervenant coarse causes d ’absences pour motifs tie sante, supérieures I
9 jours par an

Fréquence annualbe moyenne tics cas d ’absence pour rat-sons tic sante, par groups
de 100 suJetsClasses tie maladies Pe rsonnel adt sinis—

Contr~beurs ElIves et stagiaires Assistants—eontr~1cur s
tratif at technique

Système digeatif at
mCtaboli~me 2,137 1,449 2,765 1,900
Dye tonic neuro—
vCgCtative 1,425 1,449 1,843 0,632
Hypertension
sanguine (labile) 1,187 o,k8~ - -
Anx iCtC 0,237 0,483 - 0,632

Irritation oculaire 0,237 - — -
Total 5,223 3,864 4 ,608 3,164

C’est par le facteur “hypertension sanguine, de caractera labile”, qua las contraleurs se di f f é ranc ien t
be plus nettement ties autres groupes. On notera que cc mime factaur est égabement present, mat-s I on taux
nettement plus fa.ible, chez bes Cbèves et stagiairee. La facteur “irritation oculaire” -)‘cst. present qua
chez lea contr6leurs. Par contra, be facteur “système diges t if ” , qui a is frCquence la plus élevée darts
chacun ties 4 groupes, ma montre aucune diffCrenciation nette, ~~~~ groups I l ’autre,

La dystonie neuro—végdtative prédomine rtettement darts les 3 groupes impbiqués darts las aspects
opérationnele do contr ’Ble aérien , puisque ca facteur est ramené I usia importanc e dcux tot-s moirttirc chez be
personnel adininictratif et technique.

L’anxiete act peu linportante dana be groups ties contrabeura . On peut expliquar le fait  par i ’él imina-
tion antCrieure ties personnalités anxieuses , darts la phase ini tiabe ti’instruction ou darts ba premiere
partie de la carriIre.

La comparaison entre lea taux tic morbid itC annuelic moyenne sa rapportant & chacun des 4 groupes de
personne l eat intCre seante (voir  gr’aphlques 1 at 2) .

Ce taux est de 5,023 ~ pour les oontrMeurs (tic 4,966 ‘f~ ci i’ort ne t ient  pas compte do facteur
d ’lrr itat~ on oculaire).

Ce taux est tie 3.864 ¶~ pour le groups des élIvcs et stagiairas.

11 eat de 4,608 ~ pour le groups des assistants—contra leurs.

Il eat tie ~, l64 ~ po~ r be personnel administratif el technique .

On constate done qua le taux de morbiditC annuelle moyenne itmi tCe aux ela~s’s d ’aftecllo na pouvant

~tre dues su stress eat d ’autant plus ClevC qua le .- roupe tie personnel eat astr’-Lnt I -~rw iesponsahlll*m -

plus ClevCe darts lea decisions tunnédiates et I one tension plus Intense at plus contitmue delis sa eha r-..~-
tie tr*vail . En ef’fet , le cla~aement réaultant tic cc taux prCsente on carac t~~z-e tie concordance aver 1
grandeur du at resa professionnel suppose, puisque par ortire decroissant on t rouve

1) be groups des contraicure (5 , 2 0 t  I V) ;

2) is gri-~upe dec aseiatante—contraleurs (4,608 F -

_ _ _ _ _ _ _ _ _ _ _
- rn— rn- A
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~) be groupe ties Clèves et stagiaires (3 ,864 f ) ;
4) be personnel admlnistratif et technique

ne participant pea au contrale aérien (3, 164 i)~

Toutefois, les differences entre ice groupes sont faibles et n ’isolent pas d’une manière traiichée Ia
groupe des contr ~leurs. La c ritè re  des absences pour motifs de sante n’apporte done pas one preuve
convaincantc tie l ’existencc d’une pathologic profassionnelle propre aox contraleurs-radar.

Ces m~mes etudes s ta ti st iques , si d ies portaient sur des groupe s beaucoup plus riombre ux , pr ocure—
raicnt paut—~ tre Un pau plus dc clarté . En attendant, n a n  ne pc rme t d ’afflr’mer i ’existence tic cette
pathologic spCcifique des contr ~ lcur s , condit ionnée par le stress propre I l ’exerc lce  de le irs fon ctions .

IV. CO1~~WSI0NS

1. La surcharge irnposée d ’une manlère rCpCtée au système nerveux est on felt incontestable qui mérite
is pius grande attention en vue d’en réduire lea effets sur las organismes mal adaptés ou partieuli~-—
resent sensibilisés aux situations stressantes de is profession,

baa effe s de l ’auto~~tlsation des Cquip ements sur la perforeance et ceux tie dlf fé ren tes  cadences du
complexe travall—repos sont susceptibics tic réduire l ’importance des effets do stress ties corrtr~leurs.
Ces matières sont l ’objet tie nornbreuses Ciudas ergonomiques. t-lals, ml taut bien reconna1tre que
l’on ne possède pas encore one evaluation opératiortnelle Cufflsasmtent longue des nouvelles caractéris—
t iques des sys èmes , blen qu’il salt Indéniable qu ’elles céduisent la fatigue visuelle e qu ’il
semble qu ’elles réduisent is fatigue psychique du contr~1eur-radar.

2. Las ~eux .- :-o-rpe r que nous avons étudiés doivent ~ trc conaidérés cornice des entités ayant leurs
particul.r~ tés propres. u -re las carac téristiques du travail et du milieu ob celui—ci se dCroule,
l’Lre moyen d ’un groupe eat on facteur important qul influe sur la pathologic qul s’y manifeste.
Ii rt ’est donc pas permis tie génCra liser I b’ensemble des contr~leura-radar d ’un pays ou d ’on groupa
de pays, lee conclusions que a pu t i rer  de l’analyse des statistiques relatives 1 eec deux
groupes. Las statistiques qua nous produisons établissent que, pendant lea périodes Ctudlées, lea
affectios attribuablcs avcc vraisembiance su stress ncrveux n’ont pea eu one frCquenoe anorstale,
n’ant pes provoquC ties Cilminations excessives et que, per consequent , lee capacitCs tie recuperation
at ti ’adaptatlon sont tiemeurées, d’une marilCre gCnérale, amplement estisfaisantes.

3, Un autre aspect qui nCrite attention est celu l de la signification qu’il faut accorder I b ’Cvaiuatiort
e ta t i s t ique tie is morbiditC chez les contr~leurs—radar .

(1) Cette pathologic ~~~ pas tie caractIre spCct-fique. La com paraison, au point de vtle de leur
pathologic, entre le groups des contraieurs soumis I de lourdes responsabilités et I de vt-yes
tensions d ’une part, ceiui des Cieves—corttr~leura, cebui des assistants—contr8leurs, at be
groups adinirtistratif at technique, tous trois soumis I des stress professionnels infin iment
mom s Intensas d’autre part, ne mantre pea des differences cuff isalmnent nettes qul perntettraient
d ’établ ir  tics csractères propres I Ia pathologic des contr~leurs .

(2) Dc plus, la pathologic rencontrCe ne mesure pes la charge de t r ava i l ,  en raison des variat ions
lndivitiuelles considCrables darts les mCcanismes défensifs mis en jeu par chaque euje pour
rCpondre so stress. Elle ne parmet qua tic coristater certairrs signes d ’abar-m e , quand l’équilibre
entre is pression du stress et is puissance des defenses offer tes  par l ’ indiv idu at  par  be
groupe cst vacillant 00 déjà compromis.

Ccc conclusions ne d i f f e r en t  pus tie celles déjà trouvées dana d’autres professions sournises I
des stress nerveux extr~mement Intenses . ~~~~~ notaniment be cas pour- les aviateurs militair-e s .
~io-rs avona pu rr ~rcon re r , en 19~~ (7), sur la base d’importantes stat 1st iques américalnes ,
b r i t ann ique s. frenciises et bei,~es , que ~~~~~~~~~~~ gastro—duodéna l n’att e int pus be groupe des
a v i at c a r s  m t L t alres , m4me en temps Ic guerre , d ’une manlCre pLus electIve que des groupes
appartesnt I une a ut r e  profession , mai ns suj ette aux chocs émotifs e aiwt tensions psychiques.
Morhouse (8) -i 1~ I l e u r s confirmé que, pour lee cas admis dana les h3p l taux  de I ’U$AF , ii ne
semble pee y a v o t r -  on poureen t - .r~i- d ’-rdn’Issions plus élevé chez be personnel  n av i .- - r r  tie 1’USAF
qua che z be personne L non navigan en Ce qui r e ~ ,arde ~~~~~~~~~ gsstro~duod érral .

- En Ce gu t  st r ap p or t e  au contr ~ 1eur— radar , ~e médecin cc trouve en f r ee d ’une sPu n  ion qui . par
beaucour d ’espect s, es~. sjmilal re I celle de l ’a v i i t u r - , la ikne tie pensée ne paul done d l f l ~~r - -r .
cur le plan medical , de cc gut a r e  r-ta b Il pa, its riomhi-euses etudes nrenCes sur le stress de
l ’av isteur  ci cur es pathologic spé c l f l q u e . es C t r r i i - s  n’ont jamals pu Ctni-l ir one i-el-i ’ ion
ne t r - , valahie  pour l’enaemble d ’ un , roupe -r p or t a n t  ~~~~~~~~~~~~~~~~~~~ an t i c  l a m or b ld t t é  ~ur -v r-ran t
denS cc groups et be stress C mot l f  tr ance qi- ~usc l errt . cer-tslnes conditions tie vol. 11 en eat
ti e m~me pour be t raupe des contr~l,-urs—i-aPr qul a fait 1 ‘objet de cette i~ i n c .  1 le m e ter - in
eat souvent dCsirmé pour réduir~ ~nuhr arit ie1lement l~ ch airi tie t r-ivall e in puissance agr-r-ss tee
d r  stress gui  but est lICe , ii peut , ju moire , contrib rer I renforner , pour t ’lndlvidu e pour be
y o r rp s  obi 11 est inséré , be vabeur des facteurs qul fortifier Is capect’r~ Ic rés is ance i-
I ’ r - i ap t a~ Ion Ic ehaqrie I r ~i ividu 1r- v~nt icc press Ions - -i ii  all Icu ext ~rne e 

- i m l  lieu In  i - - i r e i f
it s-urrveea ri l ,- Is niveau de performance a Is sant,C du r-nr j et .
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Dana ba s u re l i l a n c e et  be renforcersent de ces rnécanismes partlcullers d ’adaptation l one
charge ment ale  exI ,ce-~n e , it problècne essential, le vrai probllme medical , eat non pus is
de tection -l ’ure patholo~ le rr péc i fiquc  I is fonction, cc qui para lt actuellement l lbusoirc ,
mat-s le r-epéra~e pr- Ccoce , chez certains individus do groups, ~~~~ e~esptomatologie clinique ,
habitueliemen liée a ~~ ét&t -~e tension mentale excessive.

~e repérage joue on double r~ie important celui de signal d ’alarme at celul d ’lndlcateur cur
l’efficact-té ies mesures prises par l ’lrtdlvidu et par l’autorité poor contrecarrer lee e f f e te  do
stress et m~intenir l’équilibre physiologique at psychique.
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competence of the other. Each becomes less sensitive to the pe rceived neeus on nis o s - i c c — -  - -
conveyed hitherto by tone of voice , intonation

, pace of speech , pauses , phrasing and r I r r i r i  of language may

be lost in automated data transmission.
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l)ISCUSSION

I)r Fuch s Germany
What kind of criteria did you use for the determination of the so called “stress
attributed inaptitude ”?

Aut lio r\ rep ly
I used the l i s t  of diseases given by Zetzmann in his  paper “Workload and p e r f o r m a n c e
limiting factors of the Air Traffic Control Radar Operations ”, published in the
AGARD Conference Proceedings No.  14. (Rest amid activity cycle for the maintenance
of efficiency of personnel concerned wi th the military f l i gh t operations , by Benson) .
As reported in th is paper , this  l i s t  was used f o r  America ir  research works sponsored
by the FAA .

Dr Fuchs Germany
Do you cons ider the r e su l t s  of your investi gations as real—task related — trends , or —

more or less — as individua l (and p a r t l y  age related) variations?

A uthor s rep ly
I am unable to give a precise answer. The comparative stud y of the four groups
investi gated seema to establish that variations are rather individual than task
related.

Médecin GCnCral Salvagiac
1. In your statistics , have you differentia ted between approach controllers working in

control towerr and reg ional t r a f f ic c o n t r o l l e r s ?

2. Have you carried out a s t a t i s t i c a l  s tudy  of the errors  committed by the cont ro l le rs?

Author ’s rep ly
1 , The genera l s t a t i s t i c s  r e l a t i n g  to Belg ian Air Force personnel cover both approach

and regional controllers.

The detai led nosological  statistics relation to Eurocontrob personnel apply only to
regional traffic controllers,

2. No study has been made of the decision errors made by controllers . The present
study has been limited to the nosological aspects.
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PSYCHOPATHOL OGY lii’ AIR TRAFFIC

CONTROLL ER S AND RA DAR OPERATOR S

Lt. Col . Luigi LONGO ,IAF (MC )
Neuropsychiatric Adviser

- 
Italian Air Force Medical Appeal Board

via P.Gobetti 6/A ,00185 ROME ,It&ly

SUMMARY

The activities of air t raff ic  corttrollers and radar operators have ,within the ae
ronautica]. sphere ,particular connotations because of the ertviroment in which they
are carried out a~ d because of their technical and operatio nal content.
These connotations are such that they may give rise to a stress effect with con-
sequent psychic pathology of variable intensity. On the basis of observations and
personal experience, a general nosographic description of the syndromes and of
the psychopathologic states most frequently noted , is submitted and considerations
and proposals are formulated with the aim of preventing and containing them .

In aviation medicine , when we speak problems of alertness ,
stress and psychic fatigue, we normally believe that these problems are specific only to
pilots and aircrews. However, the procedural and technological characteristics of both
military and civilian flights have long since reached such a level of complexity that
other individuals on the round who monitor and supervise the conduct of fligts are also
seriously affec ted by these problems.

Among these individuals , air traffic controllers and radar
operators have a task of primary importance. Several authors hav e dealt wi th  the physio—
logical and physical effects of stress on this type of personnel (Melton ,Mc Kenzie ,Polis,
Schwar z,Dreasback,Saldivar ,Hale ,Willianl,Smith ,Hoffman , De Cani ,Funkhouser ,Iaznpietro ,
Ev-rar d ,e tc . ) .

Services concerned with aids to navigation have reached ,
during the last 20 years a large scale, in proport ion -to the considerable development
of air  trasportation . Present air traffic is such that it may be calculated that each
day about one million passengers fly through the skies in an average of 8000 to 10.000
aircraft .  These figures do not include mil i tary air t ra f f ic  and pr ivate  c ivi l ian t r a f f i c .
Forecasts indicate that the total payload transported by air will almost t r iple in the
next ten years.

rhe introduction,which is underway at present,of superso-
nic air transport and of aircraft with STOL/VTOL characteristics will radically change
again the techniques and the control procedures . The var iety  of to— day ’s air t r a f f i c,

t which already affects the punctuality and regularity of the flights will worsen even
further because of the introduction of these aircraft. Man will always remain the main
element in an air traffic control system howhever technological improvements may develop .

This statement is based on examinations made du r i n g  the
last 10 years on these types of personnel, both  healthy and af fec ted by psychic svntotns .
As well as the result of diagnostic measurements the study is also based on clinical—psi
chological interviews, i.e. interviews to verity direc tly some basic paraniet”rs such as:

a) environmental and technical operational conditions re levant  to p ayrh i c  stress ;
b) the motivation for choosing this type of employment;
c) long term validity sf present medical s e le ct I n n ~
d) psychic exhaustion and saturation thresholds ran d their correlation with above.

- -
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Representatives of the category completely unaffec ted by any
pathological condition were also interviewed to provide a control group.

The personnel who par t ic ipated in the research included the
following z

Airport controllers (TWR)
Appro~~h controllers (APP)
Regional or area controllers (ACC)
Precision radar operators (GCA)
Approach radar/operators
Regional radar operators
Air defence Radar Operators (interception controllers).

ENVIRONMENTAL AND TECHNICAL OPERATIONAL CHARACTERISTICS AITH A SPECIFIC PSYCHIC REFERENC E

1 — Environment — The environment in which these personnel have to operate is re-
presented by control tower operations rooms on or under the surface us a mobile trailer;
all these environment entail close association among themselves with others operators
(such as teletype operators, mechanics,etc.), whose number varies in accordance with the
size of the site. For example, in the control tower of a large airbase there may ce at
any one time 10—12 controllers operating side by side, while in a small airbase, where
air traffic is reduced, the number of operators may be limited to 2 or 3. An operator
mustn’t stay alone for security reasons; a substitute must be available in the event of
sudden indisposition of the first. Necessity of close contacts may have repercussion on
psychic equilibrium.

The control room of an average airbase,including the tower and
approach services, entails the operation, perhaps not simultaneously, of 10 working fre
quencies which may be employed by 2 operators . To these must be added the telephone links
with operational agencies of the base (operations room, fire prevention, medical center,
ambulance service, etc.). In the other words, normally 3 to 4 frequencies and 1 or 2 te
lephorles are operating simultaneously.

In some cases the control room also contains the air conditio-
ning apparatus and this may increase the average noise level. More than the noise, it
seems that what affects the nervous system is the continuous operation of the receiving
and trasmitting devices which is often less than perfect because of weather conditions,
interference, etc.. The fact that radar operators must work in darkness or in dim light,
although tiring, does not seems to have any particular importance from a psychic point
of view.

There is no doubt that there are great differences between air-
ports with intense and continuous traffic and airports where the traffic is limi ted .
Nevertheless in the latters receivers are always in operation, as well as all the other —
noises.

However , we should no te t hat  from the point of view of alertness
and therefore from point of view of security , those operators and controllers who work
less continuously represent the greatest danger because the discontinu ity gives rise to
the possibility of lack of concentration. In order to avoid this, various methode and
procedures are applied (calls, requests for checks, testa,etc.).

2 — Operations — From the point of view of stress originating from t— eir work,
excluding y~t~aT’~~isk, we suggest that the air traffic controller is more exposed than
the pilot.

The pilot knows his position and situation, and is also aware
of the situation and position of others which are operating on the frequency he receives ,
However he is often not aware of all those who are, because of recep tion, on his frequen
cy, furthemore because the conduc t of the aircraft requires great concentra tion of supe—
nor psychic processes.

The air traffic controller has to concsntrat-e on a much w i d e r
r srige of sctivity . He must visualize the aircraft in the air space calculate the sepa-
ration between them and the separation that will result as a function 01’ various pars—
meters (deatination ,hei ght,tran’-rfer from one sector to another ,etc.). All this , from point
of view of alortners , concentration and stress, reaches a peak in poor weather coslition s ,
unforeseen incroases of traffic , difficulties wi th radio iid~ stid radio cornmun ication ,etc.

h owever there is one phase in particulur which genera tes uni xie—
t y .F h i ~~ ph f ~e ran be divided into three sub—phases:

a) — during the prepar~stion of the instructions which must be passed to the pilot ;

- — ~~~~~ - -~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~ 
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b) — during the issue of these instructions because the controller is talking to
someone he cannot see, and thus is unable to assess, through facial expression, how well
the instructions are understood;

c) — when he has to verify that the pilot has followed , in the right way,a]l in—
S truc tions.

The activity of’ radar operators differs from that of air traf
fie controllers since the latters base their work on positions reported by pilots (and
the controller must take into account the possibility of pilot error in his reporting).

-
- On the contrary , a radar operator works on accurate visual representations .

The work of the controller is more stresfid from the point
of view of involvement and psychic fatigue in the long run , In radar operator the stress
effect may assume a more acute and immediate character because of the fact that he can
suddenly visualize a possibly anomalous situation which cones about or which may come
about because of an error on his part. Anxiety in the controller builds up gradually,be
cause a pathological component is created and developed by the projection of an anoma-
lous event; on the contrary , the radar operator ~uff era from other anxiety more directly
and immediately.

For a radar operator in the air defence system (vec toring on
intercept) it appears that his responsability , instead of maintaining a separation bet-
ween aircrafts  as is done by the air t r a ffi c  controller, is to vector his fighter onto
a colli-~ion course wi th the target. The psychopathogenous factor in this case is more li
mi ted , since the operator controls only two *ircrafts at any time and also because the
si tuat ion is generally more “l imi ted” .

3 — Limita — A saturation level as average appears between the 5th and
8th years of activity with the same responsability and in the sam e location. This s i tua
tion is generated both by a lack of stimulus because of the tedious uniformi ty of the
job (as happens in many types of activity) and by actual psychological weariness.

From a pathogenetic point of view , observations and exam ina
tions which have been carried out , suggest that the psychostre~~ ng e f f e c t  is , in most
cases (as happens in other areas of work) directly proportional to the “discontent index ”
of the subject towards his job and towards the environment in which it takes place . On
the other hand discontent must be interpreted in turn as a direc t consequenc e of the de
gree of fatigue and psychic commitment and of the problems connected wi th this type of
act ivi ty, which may not have been fally foreseen by the subject concerned . In this re-
spect, it is important to recall that persons in this profession are volunteers.

Sometimes , the very fact that a certain type of work is iden
tified as a factor of anxiety , may give rise to reject and ref usal mechanisms which in
rare cases take the form of obsessive phobic conditioning.

NOSOGRAPHIC CLASSIFICATION

The psychopathological syndromes more frequently net nay be
nosographical classified as follows*

A. — ~1eurotic syndromes of the dysfor ic  and neuras thenic type

These are marked by a general characteristics of discomfor t
as in all neurothic syndromes which induce in the subjec ts a mood which is generically
unpleasant.

A! — React ions of anx iety— — — — These are reactions to events which are either objectively
dangerous , although the degree of danger may be relatively small, or represent for the
subjec ts a particular comm i tment expecially in the field of decision making.

A2 — Secondary anxiety phobiae

These are detected after emotionally stressed events which
c- tuse in the subjec ts a reaction greater in intensity and longer in duration than normal .

A3 — Psychosomatic equivalents of anxiety

These represent a conversion of the state of anxiety , and
the range of symptoms may be ex t remely  variable , affecting a variety of systems:pseudo—
vor’tigo crisis , per-s; ir-ation, rertless legs, tachycarlia, ~ - - t~;tro—enter~ c disturbances ,
cut—ineous itching, etc .

A4 — ‘~eur-istheni c type s~’n-:Iromes

x ) P sy c h o — p hy u i c  -i r thenia — is ehar ic t er i z e d  by an ~nnnoy ing f - p 1in ~ of tire1np58
i n the muscles ar i d in the brain ifter ~rr 1y type of ~ct ivity ,sometimPs associated -aith ps~
~~es t~ er i a  in—I v - i  t b a b r c ~ ,-round of -ilarnn , and  r t r e ly  wi th h :-;000r -Iri s notes arid still
more r trely ai tb ~~iobic sym p torn .

_ _ _ __ _ _ __ _ _ __  _  
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y)I lypere sthenic—ern ot ion al  asthenia — is charac t e r i z e d  by a state of ill—humored
irritation with psychastenia tin particular the “ti rage nucal e” and the “sense of void
in the head”), and in some subjects, also with hypochondriac attitudes.

z)Alert neurasthenia — is characterized by association with the prev ailir~g
aspect of the psycho—physical as thonia of alert  episodes which are lived as unpleasant
feelings of lack of health.

B. — Dystimia

The term “dystinia” in Italian, covers the maniac—depressive
psychosis, in the strict sense of the word , and is the equivalent of’ both the terms “cy—
clothymia” and “maniac—depressive circle” (manish—depressiver ~~rnienJcreis) util ized more
frequently by german authurs. Typical syndromes are seen, and may oe classically charac—
terized by the following main elements: vital sadness ; inhibition or alteration of the
activity; inhibition or alteration of the consciousness of reality (for the depressive
syndromes); and auphoria, psychomotor exi tement und disinhibition (for the maniac syndro
mes). Also atypical symptoms are seen which cannot be broken down into these three elements
and which differ from the previous ones because of’ their clinical characteristics (modali
ty of exordiuzn, psychopathological oonnotations,etc.).

The following classification, is related to “atypical syndro
mes ” which are characterized according to the predominant atypical psychopatholog ical ele
ment:

01 — Depressive background and prevailing anxious element

Characterized by a prevailing almost continious anxious re-
stlessness with depressive thematics (ideas of ruin, of guilty , hypocondria).

B2 — Depressive background and elements of a neurotic nature

Characterized by the presence of prevailing symtoms of the
pa choneurotic type which may be both of the alert and/or of’ the hypochondriac type.

03 — Manic background and the prevalenc e of irritability elements

Characterized by exal tation of temper , prevnniling irri tabili-
ty and hostility during which the subjec ts appear querulous , polemic and revengeful .

CONSIDERATIONS AND PROPOSALS

From these results, certain considerations and proposals an
se:

1. Selection

In addition to physical psychometric and psycho—attitude ty-
pes of selections, extreme importanc e to carry out a “selection on the job” ,that is to
say a selec tion process conducted during a period of “on the job training” by a team of
selectors qualified professionals.

The most important elements to be assumed during such a se-
lection process should be speed of reflexes end ability to reach decisions . From the point
of view of character, special care should he taken to ascertain that the subjec t posseoses
and adeguate degree of extroversion. Situations which the operator will meet with c iarge
rapidly this entail s a requirement for rem arkable ability , imagi nation , and impr o-/i-- - -  ~iOfl.

It’s necessary for radar operators to imagine positions tri—ciimenrniorafly , takin~° irto ~c
count  a l t i tude , d is tanc e,(both l ateral arid iongi tudinal) and time.

2. Mental Hygiene

No operator should be employed for more than 8 hours , wi th
re l i e f  breaks of an average duration of about 15 minutes every two hours .

Use of’ relief time should not be left entirely to the discre
t ion of’ the operators but should be pre—planned according to specific rules . This period
of t ime should , for example , be used to r e — e x a m i n e  w h i t  has taken place during the pre —

cious hours of duty, or to consider the s i tua t ion  w h i c h  the oper ator  may have to cope
with when be goes back to work . The r e l i e f  per iod should take place in an environment of
soft sui table background music or should be characterized by a liith t and tonic physical
exercise.

In add ition to being extremely useful from a t r c - h n l c i l  - m d
professional point  of view , all this could represen t  9 valid system to maintain a high
degree of’ concen t ra t ion .  The f ac t  that the i nd i v idu ~il r i ’s-dn a psychical ly  connec t - d  -ci th
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the professional environment does not deprive the break of its validity as a true recove
ry period , because the subject is not called upon to reach decisions.

The break should tak e place in pr emises adjacent to the work si
te; although comfortable , they should not be distractin g nor deconcentratin g in so fax’-
as recreatiohal ins tallations are concerned. An excess of the latter , or a wrong selec-
tion of them, could give rise to s timulating situations capable of ac tivating problema-
tic and conflicting situations capable of disturbing that psychic equilibrium which
should be maintained at an optimum level.

- - Furthermore it i. advisable to let the controllers interrupt
their activity at certain intervals —in general for not more than a month(20—4 0 days)—
taking into account that on the basis of what has been said before controllers suffer
from pSychics]. stress before radar operators.

3. Utilization of time
It has been noted that individual saturation level is reached,

an average, between the fifth and the eighth year of acticity in the same branch and in
the same location. In order to prevent such a phenomenon, it would be advisable within
the time limits indicated above to transfer the individual from one control area to ann
ther, that is to say from the traffic control to the radar control. Such a transfer would
be reincentivating since the controllers would have to requalify in the new position by
mastering new procedures; eventually they will find new sources of interest in their new
activities.

The operating life of the controllers may be estimated at about
20 years. A longer period of activity is not advisable not only for physio—psychical rea
sons, but also because incompatibility situations may arise between the senior control—
ler and the junior aid who is completing his on the job training. Having just completed
his studies the latter is inevitably full up to date and this could cause difficul ties
and uneasiness in the senior.

The next problem is how to make use those personnel later on,
without wasting the experienc e they have acquired , taking c>~re that the individuals
don’t feel that their professional life is finished at a relatively early age. Iii order
to do this it is advisable to plan and establish their re—integration in the field by
employing them for example in the programming and updating of procedures , in activities
connec ted with the selection of personnel as in inspection and evaluation teams, permit
ting them to maintain the allowances they had previously enjoyed .

In conclusion, the activity of air traffic controllers (as w e l l
as other aeronautical activities), entails a psychopatholo&y of a specific nature, the
influence and effects of which, once known, may be contained by means of certain actions
and corrective measures. The present contribution is necessarily a brief summary, is in
tended to be a simple contribution in the complex field of flight safety ,w}iich represents
a priority commitment for all those who, at various levels, operate within the aeronauti
cal area.
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USAF EXPOSURE STANDARD S FOR R A D I O F R E QU E N C Y / M I C R O W A V E  H A Z A R D S  CONTROL

by

John C, Mitchell
Chief, Radiation Physics Branch, Radiobiology Division

USAF School of Aerospace Medicine
Aerospace Medical Division (AF SC)

Brooks  Ai r  Force Base , Texas , USA , 782 35

S U M M A R Y

Current  r e s e a r c h  on the biolog ical consequences  of man s exposure  to n o n i o n i z i n g  ( r a d i o f r e q u e n c y /
mic r o w a v e )  r ad i a t i on  f i e ld s  p rov ides  new guidel ines  for personnel  sa fe ty .  The e f f e c t s  of r adio f requency
radiation on the nervous system , behavior , and the eye, and such indirect biological effects as cardiac
pacemaker in t e r f e re nce are discussed in terms of their  impact on s e t t i n g  a p p r o p r i a t e  personnel  exposure
c r i t e r i a  for operat ional  RF emi t te rs .  The information presented supports a careful balance between
- o -r s ~ ,rrnel safety and operational constraints. Of p r i m a r y  importance is the recognition that radiofre-
quency  ( 1 0  kHz - 300 0Hz) radiation insult to man is s t rongly f r e q u e n c y  dependent . Thu s , all b i o e f fe c t s
data gene ra ted  in the l a b o r a t o r y  us ing  smaller animal s mus t  be c a r e f u l l y s ca l ed / ex t r apo la t ed  to equiva-
lent  e f f e c t s  on man before  meaningfu l  exposure  s tandards  can be e s t a b l i s h e d .  Thi s f r e q u e n c y  dependent
concept  is r e f l e c t e d  in U n i t e d  States Air Force Regula t ion  1 6 1 - 4 2 , wh ich  e s t a b l i s h e s  a 50 m W/ c m 2 per-
m i s sib l e  exposure  l i m i t  (PEL) for r a d i o f r e q u e n c i e s  f rom 10 kHz  to 10 MHz and r e t a i n s  the p r ev ious ly
es t ab l i shed  10 m W / c m 2 PEL for r ad io f requenc ies  f rom 10 MHz to 300 0Hz . F u r t h e r  d i v i s i o n s  of these
spec t ra l  r eg ions  are an t ic ipa ted  as research  data becomes avai lable ,

INTRODUCTION

Radiofrequency (RF) radiation is defined herein as that portion of the electromagnetic spectrum
between 10 kHz and 300 0Hz and includes microwaves. Figure 1 illustrates th i s  d e f i n i t i o n .  Rad iof re -
quency  ( R F )  r i d i a t i o r m  is o f t en  d e s c r i b e d  as n o n i o n i z i n g ,  and t h u s  is thou g ht  to be n o nh a z a r d ou s . in fac t ,
however , RF radiation can be hazardous to man; and safety s t a n d a r d s  m u s t  be applied for  all R F  sys t em s
operations. The ‘ 1 0  mW / cm2 safe ty  level  (used in most  U , S. standards today) was orig inall y estab-
l i s h e d  as an accep tab le  acute  thermal  bu rden  on the bas i s  of r e s e a r c h  p e r f o r m e d  f r o m  about  1955 to I t t - S.
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F i g u r e  I . F r e q u e n c y  m4~ >e~ I r~ m n  of  electroma gm-I ~ r a m l i i t

Today such s t a n d a r d s  a re  b e i n g  ~, - r t u~~l v  c h a l l e n g e d , p r i m a r i l y becau se  h -  W > r s m ~ I n  -

r ep o r t  s t anda rds  l ow e r  than  10 mW/i in ~~~mn ’l , i n the  Un i t e d  St itci> , ri— i cut i - m t _ - n - - . —i n - il I i  -~~I .mt -mm

f i n - u s e s  sto rm - a t t e n t i o n  on ,~- i - r t 1l en-c l i- - m i t r > m - n t m 1 qua 1 t~ t o i l  m , - r m nmo-1 si f t - tv . l u l l  i i  l m ~ ( P 1 . 1 > 0 — >
t h e  R a d i a t i o n  Cont ro l  fo r  H e a l t h  . i n d S.t fe~~~~ A m t o f L 1 m - , ~~ g m ,-s the I ) , - m m i r t i m u i - n t  o f  h e a l t h , t -~~ - l i on  a n i l
W e l f a r e  ( D I I E W )  the  a ot l i m n m t v  t i m  i~ 5up e n h i s s -  n f i r m m i a n c e  -_ t i r m I i rds f i r i - l i - , t i - n i t  p m~~ Iii , t~~~. I hm ~
Law resu l ted  in .i 5 m m m ’iP//~ m u ’ ,-m u i - . q i , n  — _ ? _ i m m . I , r r (  for  n , - -. m m i i i  r i ’,m _ u S , f l u - i s  m i i l m l v u m > g  that (~~> -

t O  nm ’W I cnm 2 level was m i m I  ~i m I > - q u m . ~ l i -  -
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PL ~)l_ 190, the Nat iona l  Env i ronmen ta l  Policy Act, requires Federal Ag encies t i m  a s s e s s  all  ac t i o n s
w h i c h  have  an impact  on environmental quality, including the consequences of expos ing  t h -  g i-ne ral  popu-
lace tim any EM R  emit ted by operat ions  of the Depa r tmen t  of De fense  (DOD) .  E x e c u t iv e  Order  1 17 5 2
f u r t h e r  r e q u i r e s  Federal  Agenc ies  to be c o n s i s t e n t  wi th  Federa l  gu idance  on r a d i a t i o n  and app l i c a b l e
e n v i r o n m e n t a l  rad ia t ion  s t andards  promul gated by the E n v i r o n m i u - n t a l  P r o t e c t ion  A g e n c y  ( E P A ) .  PL
9 1 - 5 -16 , the Occupat ional  Safe ty  and Hea l th  Act  of 1970, a u t h o r i z es  the D e p a r t m e n t  of Lal,or (DOL)  to
promul gate heal th  s tandards  for workers  exposed to E M R .  E x e c u t i v e  Order  11807 , 28 September 1974,
r e q u i r e s  Federal Agenc ies to issue safe ty  and health s tandards  c o n s i s t e n t  w i t h  those  p r o n m u l g a t i ’d by DOL .

At the p resen t  t ime the Occupa t iona l  Safety and Hea l th  A d m i n i s t r a t i o n  (OSHA) has adopted t tm ie values
used in Amer i can  National Standards  ins t i tu te  consensus  s tandard  C95 . 1-19 74 , Safe ty  L e \e l  of E l t- ctro-
nm agnet i c  Radia t ion  with Respec t  to Personnel ,  ml This  s tandard  c o v e r s  the f r e q u e n c y  spec t rum f r o m
10 MHz  to 100 GI-l a , and essen t ia l ly  pe rmi t s  un re s t r i c t ed  continuous wave e x p o s u r en  of 10 m W / c m 2 and
a 3600 m W - s e c / c m2 exposure a v e r a g e d  over any 6 -minu te  per iod .

In response  to this nat ional  and in terna t ional  concern  to n-iaintain appropr ia te  s a f e t y  s t anda rds , t i me
U.S. Air  Force is conducting a r e sea rch  p rogram desi gned to achieve  a carefu l balance b e t w e e n  per-
sonnel sa fe ty  and u n n e c e s s a r y  operat ional  cons t ra in t .  The impor tance  of t h i s  concept  may be illus-
t r a t e d  b y consider ing the impact  of reducing the ex i s t i ng  10 mW/cn -i 2 s t andard  by a f ac to r  of 10 ( i . e . ,  t m

1 m W / c m2 ), thu s inc reas ing  the r a d i u s  of the controlled p e r i m e t e r  around R F  e m i t t e r s  b y a f a c t o r  of
— three.  If such control should become n e c e s s a r y  to ach ieve  adequate  personnel  s a f e t y ,  it would be

appropr ia te .  If such l imi ts  we re  imposed j u s t  to achieve  ‘ g rea ter  sa fe ty ,  however , they  would not be
appropr ia te .

PHYSICAL CONSIDERATIONS

RF energy  deposi t ion in any biolog ic system is  s t rong l y dependent  on the g e o m e t ri c  s ize  of the  sub-
j e c t  and the f r equency  of the inc iden t  rad ia t ion .  This is best  i l l u s t r a t ed  by the c u r v e s  shown in f i g u r e s
2 and 3. These curves  were  genera ted  by Mr .  S. S. Allen at the USAF School of A e r o s p a ce  M e d i c i n e
(USAFSAM) to a s s i s t  expe r imen te r s  in i n t e r p r e t a t i o n  of empir ica l  s tud ies  us ing  n ionkeys  and r a t s  and
subsequent  ext rapola t ion  to equivalent  e f f ec t s  in man ( 1) .

• The data  points  for these curves  w e r e  genera ted  us ing  th ree  d i f f e r e n t  me thods  c o v e r in g  t h r e e  fre-
quency  r anges .  For the s i tuat ion w h e r e  the human subjec t  is short  c o mp a r e d  to the Wa- .  - l i - m m g th of the
incident  HF radia t ion  ( 1 -50  M H z ) ,  both theore t ica l  power absorpt ion  c a l c u l a t i o n s  by pe r sonn i - I  a t  the
U n i v e r s i t y  of Utah (2 )  and emp ir ical  n-t ea s u r en ~~nt s  made at IJSAFSAM ~~ere u t i l ized  (3 , 4 , 5).

For the second s i tuat ion where the size of the human subject  ( smal l  ch i ld  to l a rge  n i a n l  a ppr oa c h c- s
resonan t  condi t ions  (50 MHz - 500 M H z )  the data points  were  approximated  b y a s s u m i n g  equal  c ap t u r e
ape r tu re  for man and an imal, i . e . ,  computing the f r equency  which  r e su l t ed  in t ime same wa~~i- 1 & - n t _ - t h  to
subjec t  length  ra t io .  Resonan t  condi t ions  are most  likel y to occur  when the l e n g t h  of the i r r a d i a t e d
subject  is ‘— O . 4X (wavelength of incident  rad ia t ion) .

For the th i rd  f requency  reg ion  (0. 5 - 100 G H z )  where  the human subjec t  is l a r g e  c o m p a r i - m i  t m  u t,’
wavelength  of the incident  HF radiat ion , data of Johnson and Guy which g ives p e n e t r a t i o n  d e p t h  as a
func t ion  of f r equency  for muscle and skin were  used  (6) .  Us in g  el l ipt ical  c ross  sec t ions , c a l c u l a t i o n s
were  per formed to de te rmine  the ra t io  of r ad i a t ed  to nonradia ted s-alume as a funct ion  of f r e q u e n c y  f i r
man , monkeys , and r a t s ,  For f r equenc i e s  greater  than 500 MHz these  data  we re used  t o  d e t e r t a m m n e
the f requency  for  the animal which  gives  an equivalent  radia ted to non rad i a t ed  r a t i o .  For  f r e q u e n c i e s
greater  than 10 GHz , the penet ra t ion  depth ( — 3  mm) is so s u p e r f i c i a l  t ha t  e x t r a p o l a t u m m n  would not
generall y be requi red .

Based on these physical cons idera t ions, it becomes  apparen t  tha t  d i rec t  e x tr a p ola t i o n  of R F  r a d i a t i o n
e f f ec t s  obtained us ing  animals  in l abora tory  s tudies  is ra re l y acceptable fo r  s e t t i n g  sa fe  p er sonne l  ex p i m -
su re cr i ter ia , For example , us ing  fi gure  2 , it can be seen that  a 5500 M H z  e x p o s u r e  of a r a t  would b~
equivalent to a 500 MHz exposure of man. These data assume subjects are exposed with their long axis
parallel to the E-f ield  vector , a worst  case situation.

Thu s meaningful interpretat ion of any biologic response resu l t ing  frona RF  radiation exposure ri -

quires detailed knowledge of the quantity and distribution of the HF e n e r g y  in the  o rgan  or l i i i -  area being
studied , and dynamic anal ys i s  of the subjec ts ’ abi l i ty  to d iss i pate the  e n e r g y  t h r o u g h  no rma l  t h e r n m o r e g m i l a -
tory processes.

Because of the overall importance of ene rgy  d i s t r ibu t io n and measu remen t  a s se s s ua - me n t s  in d e f i n i n g
th~ biological consequences of man ’ s exposure to RF fields , an ‘RF Resea rche r ’ s Guide containing tI n -
pe r t inen t  extrapolat ion data is being developed under AF contract. A u i r g t  d r a f t  of t h i s  handbook should
be avai lable  in September 1976.

_ _  _ _ _ _- - 
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BIOLOGICAL EFFECTS CONSIDERATIONS

Nervou s System

A l a r g e  port ion of the R F  b i o e f f ec t s  l i t e r a t u r e  deals wi th  r epo r t ed  e f f e c t s  on the n e r v o u s sy st e f l l .
Such data a re  of ten  c i ted as the bas is  of the repor ted exposure s t anda rds  of the  W a r s a m m  Pac t  c o u n t r i e s .
Cer ta in  measur ab le  changes  in p h y s i o l o g ic r e sponse , n e u r o c h e m i s t r y ,  and t i m o r p h i m l o g y  are  c l e a r l y
i d e n t i f i e d  wi th  HF exposure , but gene ra l l y lack s u f f i c i e n t  de ta i l  on w h i c h  s t a n d a rd s  can  be based . Time
p r i n c i p a l  ques t ion , as to what magn i tude  of changes  a re  cl inical l y si g i m i t i c c i i t , most  be r e s o l ved  be fo re
such  data can be used t i m  a d j u s t  c u r r e n t  HF exposure  s a f e ty  c r i t e r i a .

Like ni- r i - m m m i  a sys tem ef fec t s , m i -  to> i - i  i i  r ,m 1 effects resulting fro ut i P FR t -  l > 1  r i  .-. i n  - m f t  i - n  reported in
the l i ter a t u r e  u I  t h i s  s m a l m u t - u t . R e p o r t e d  e f f e c t s  i nc lude  •i w i d e  v a r i e t y  i t t  r i H l  mis t-s r ar .g ing f n m u , m u  a g e n t - n i l
i rritabil ity syndronie ’’ t i  s ug n mfii-an t changes  in f u n c t i on a l  m i-i-I n l i i t m l m - i - . An iumm il s and t i t a n  1- i n  i l i I i ~m t  HF’
r . , ’h i t u - , r u  fields it levels far below t h at which st-,’t i us t i  .ml t i- r behavior. Ag om , i l m i r i- ( i - t o u i t u - , i -  p m s i t i u m n
is r e q u i r e d  to assess the clinical i n t l / o r  func t iona l  5 u t ~m m i t  t i n t -  ‘ ‘ I  su ch -I i t s  a a f u m m o  t i u m n  u t  f b i -  H F
ra i - i i a l i i i n  e x p o s u re  tm r m t ml,— prior t m  a c l j u s t n m e n t  i f  RF exposure c-n It-n t .

- - —~~~~~~ - - - -  ~~ - - -~~~~~- - -~~~~~~~ -- --~~~ - --—-~~~~~~~~~ --~~~~~~~~~ - - -~~~ - 1_~
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Ocular

Tht- fact that microwaves can prodoce  l e n t i c u l a r  o p a c i t i e s  of the eye has  be -n known for  m i - n  two
decades (7). In any general assessment of the biolog ic e f f e c t s  of EMR f i e l d s , the u - y u -  is o f t e n  i d e n t i f i t - m i
as the p r i n c i pal organ  of concern. However , the bulk of ava il~~ble e x p e n u m m u e n t a l  e v i d e n c e  s u p p o r t s  the
position that  RF r a d i a t i o n  e x p o s u r e s  g r e a t e n  than 100 n i W / c m  , for pe r iods  longer  t i tan an hour , a re
requ i red  to produce lens opac i f i ca t ion .  While  th is  posi t ion is accep ted  for acu te  e x p o s u r e s , q u i - s l i i n s
remain concerning possible  changes  in the i n j u r y  thr eshold  due to i n t e n s e l y  p u l s e d  f i e ld s  and th u  cumula-
tive e f f e c t s  of fractionated longer term exposures.

Card iac  Paceniak er  i n t e r f e r e n c e

One unique  a spec t  of RF  e f f e c t s  on man is ti-me effect on cardiac m ice it iaker perfo t-mim anc u- . In 1970,
the USAF recogn ized  that  su ite p a c e m a k e r s  could be se r ious l y d i s r u p t e d  b y pulsed HF sources .  1 t - s t s
revealed the roost sens i t ive  devices  had i n t e r f e r e n c e  t h r e s h o l d s  less  than  h O  V / r n , wh i l e  f i e l d s  of s e v e r a l
hundred  V / n i  were  possible for c e r t a i n  hig h - p u ’a e nu -d pulsed r a d a r  sy st e m s .  The m i n i m u m  e l e c t r i i -  f i e l d
i n t e n s i t y  assoc ia ted  wi th  the acceptable  10 n m W / c t m m  a - c t - r a g e  power  m b - n s i t y  is -‘.200 V I m , w h i l e  u i i l s c - d
systems w i t h  shor t  d u t y  f ac to r s  can s i g n i f i c a n t l y -xceed  t h i s  level  w i t h o u t  i - s e t - u - d i n g  the  10 nm W / c m m u ~
average power density.

F r o m  197 1 t o 1Q 74 , the Air Force  c m n d u c t e d  a Se r i e s  of p a c e m a k e r  t e at s  in  the  l a b o r a t o r y  and at
numerous AF RF emi t t e r  ( r ada r )  s i tes  (8, 9). The results showed that , althoug h m a n y  p a c e m a ker s  in
use had low (—10 V m a )  interference thresholds , it was technicall y f e a s i b l u -  to design and manufacture
pacemake r s  wh i c h  would be compatible w i t h  t i -me unrestricted RF environment (200 V/na). Bas-d on these

empi r i ca l  dat - i , time AF r ecommended  tha t  th i-  U.S. Food and Drug Administration (FDA) request the
manufacturers to develop and adopt a p a c e m a kir  e l e c t r o m a g ne t i c  c o t n i i . m t i b i l i t y  ( E N I C )  p e r f o r m a n c e
s t anda rd  of ZOO V/rn u s i n g  a 450 M h z  s q u a r e  wave pulse of I ma width , and applied at a rate f I-S pps.

Many manufacturers now recognize electromagnetic interferenci- (E.’tlI) as a pot ential problem , and
include this parameter as a desi gn consideration in all new devices. Sc- i-ral manufactu rers have essen-
tiall y solved the problem ( 1 0 ) .  Thus , ins tead  of 80% of the p a c em a k e r s  in use h a v i n g  EMI t h r e s h o l d s  of
10 V Inn (as was the case in 1 9 7 0- 1 9 7 2 ) ,  onl y —2 0 % have t h r e s h o l d s  of 10 V / r n .  Of s i g n i f i c a n t  impor t ance
is the fact that —50% of those pacemakers in use will now meet the ZOO V/nm criterion as recommended by
the Air Force to the FDA in 1973. Essentially all p a c e m m i a k e r s  should  be c o t a m p a t i b l e  w i t h  pu lsed  f i e l d s  of
at least 200 V / r n  by 1977-78, a si g n i f i c a n t  technolog ic a d v a n c e m e n t  and a r e l a t i v e l y f a s t  solut ion to an
R F  b i o e f t e c t s  problem. Also , the newer pacemakers seem more rel iable in many respects , are smaller
in si,,e, and even w ith s t a n d a r d  ba t t e ry  supp li es , some are  now g u a r a n t e e d  for 6 y e a r s .

DISCUSSION

Development of HF radiation exposure standards is an t - v o l u i t u m m n a r y  p roce s s .  W h i l e  n -most  s t a n d a r d s
or guidelines used today are based on e s t i m a t e s  of an aci -ep table  a c u t e  the rmal  b u r d e n , it is well recog-
n i z e d  tha t  many o the r  f ac to r s  (both ph y s i c a l  and biolog ical ) r e q u i r e  c o n s i d e r a t i o n .

Spec i f i c  biolog ical consequences  of H F  r a d i a t i o n  i - \p o s u r e  c l ea r l y depend on: ( I )  the f r e q u e n c y  ‘if
the inc iden t  r ad ia t ion  and , t h e r e f o r e , i t s  p h ys ica l  d i s t r i b u t i o n  in t he  si ib ~ect , ( 2)  the i n t e n s i t y  and t i n - m e

- J of the  exposure , (3)  the state of heal th of the sub jec t . ( 4 )  the  e x p o s u r e  g e o m e t r y  ( c o n f i g u r a t i o n  of sub j ec t
w i th  r espec t  to H F  source ) ,  and (5)  e n v i r o n m e n t a l  cond i ti ons .  More su b t l e  n - m o d i f i e r s  i n c l u d e :  ( 1 )  t i m e

effect of possible fr e q u e n c y  r e s o n a n t  c o n d i t i o n s  on overa l l  R F  e n e r g y  t r a n s f e r  and d i s t r i b u t i o n , (2 )  ti -me
effect of f r ac t i ona t ed  exposure  prof i les  for both sho r t  and long t ime  periods , ( 3)  t he  e f f ec t  of pulsed
modulation versus continuous wave exposures , and (4) the biolog ical significance of hot s uits ” In weak

link organ or bio-area” considerat imins.

Conside rable national and in ternat ional in te res t  is apparent at this time to resolvi- some of the more
press ing  questio ns and to app l y the research f i n d i n g s  to modif y existing HF exposure standards. However ,
the complexi ty  of the tasks makes it a slow proces s .

Progress  in this  a rea  is generally enhanced by research organizations that apply a multip le ul i a cip li.
nar y team approach that includes ph y s i c i s t s, e lec t r ica l  eng ineers , ve t e r i n a r i a n s, and na u t h e m a t i c  ians ,
in addi t ion  to the biolog ical r esearch  spec ia l i s t s  (p h y s i ci a n s , p h y s i o h m i g i s t s , c h e u m u i s t s , b i o ph y s i u  i s I s ,
and behavioral scientists). Accomplish im ment m i t  mea n i ng ful  r e s e a r ch  and ex t r a p o l a t i o n  of t h e  r i - s e a r c h
data  ob ta ined  f rom a n i m a l s  u n d e r  l abo ra to ry  c o n d i t i o n s  i i >  man in real  w o r l d  o p er . it i i i n a l  s i tu a t i o n s  re-
q u ir e s  d i l i gen t  e f f o r t s  fron t  all t h e s e  sp e c i a l t i e s . The f ina l , b u t  n ,m a t important , st ep  i s  t ime  a p p l i c a t i o n
of the r e sea rch  f i n d i n g s  1 m m  id j u s t  p e r s on n e l  ex p o s u rt -  s l a n d a r d s  t i m  ad m i t - i - u -  a r easonable  b a l a n i - e b e t w e e n
pe r sonne l  s a f e ty  and opera t i ona l  c m u n s t r a i n t .

U SA F H F  R A D I A T ION S T A N D A R D

In Novembe r I ‘)7~~, the  IT SAF p u b l i s h e d  a ne’t H F r a u i i i t i o n  a t a n d ~~rd , A i r  Force R e g u l a t i o n  16 1-  - I ’  -

titl e d Radm im fre quency Radiation h eal th u b I t  , ar ds  C i i i  rm ) l  h i l l .  It s u p e r s e d e s  A i r  I - o n c e  N l a n u a l  i t m i  -

(Deceom ber 105), It establ i s ( u . -  s Air Force i iul I t - u S , a s s i g ns  n i ’spiinsibu l t i , -  a fm ‘r c a r r y i n g  u n i t  t i, - se
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pol ic ies, provides RF exposure standards for personnel (these may be defined as interim standards
based on the information presented in the Discussion section above), and establis hes a surveillance
pr ogram for the protection of personnel working with or in the v ic in i t y of RF radiat ion emit ters .

Figure 4 summarizes the USAF permissible  exposure levels (PEL) for Ai r  Force personnel. The
50 mW/cm2 PEL for HF emissions in the 10 kHz - 10 MHz frequency range is based on both theoretical
and emp irical data , and sets a precedent for HF exposure criteria based on a frequency dependent
approach. This higher level is appropriate since these PEL5 are based on the acute thermal burden con-
cept and H F energy deposit ion in man decreases  with the square of the f requency  below — .30 MHz.  The
fixed value was app lied rather than a variable as a funct ion of frequency since it is eas ie r  to app l y
operationally.

FOR FREQUENCIES FOR FREQUENCIES
- 

10 MHz - 300 6Hz 10 KHz . 10 MHz
EXPOSURE TIME -

GREATER THAN 10 mW cm2 50 mW cm 2
6 MIN 1360 SEC I
EXPOSURE TI ME
LESS THAN 3.600 mW - SEC cm 2 18,000 mW . SEC cm 2
6 MIN 1360 SEC)

NOTE: ALL EXPOSURES LIMITED TO 100 MV M MAXIM UM
PULSED E . FIELD LEVEL

Figure 4. RF  radiat ion pe rmiss ib le  exposure levels (PEL) for personnel.

The 10 mW/cm2 PEL for HF emissions in the 10 MHz - 300 GHa f requency range is consistent with
the U.S. Occupational Safety and Health Act of 1970. For exposure times of 6 minutes or less, the PELs
are adjusted to allow higher power densi t ies , but exposures cannot exceed the time avera ged PEL values
shown in fi gure 4 for the respective frequency ranges. Figure 5 displays the same data as fi gure 4 ,
illustrating the permissible time-power density combinations for the respect ive  frequency ran ges.

10 
10 MHZ - 300 0HZ 10 mWIcm 2

.1 I 10 100 1 ,000 10 ,000
EXPOSURE TINE SECONDS

Figu re 5, Perr-tiis sib le combinations of power density and time for HF
radiation exp o s u r e s .

Figures 4 and 6 document one additional HF exposure ] i u t u i t a t i m u n , v i z, , that single pulses of HF
emission to which  uue r sonn el  may be exposed shall not exceed  an e l i -u - I n c  (F) field level of 100 k V / m .
This would app l y to elect rum it iag neti c puJ s~- ( E M I l ceni -rat mi rs . Figu re 1 p r o v i d e s  in  gr a p hic  f o rmat  —

coruibinat imin s of d u m t v  factor and E-field l e v e l s  t h a t  are per nm issihle t m u r  the f r e qu e n cy  r a n g e s  c i m v e r e d  1m
A ER 161-42 .
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Figure 6. Permissible exposure levels for pulsed HF emission.

In summary,  the USAF HF exposure standard establishes permissible exposure levels for personnel
exposed to any HF emission in the 10 kHz - 300 Gl-l z f requency band. It sets policies and ass i gns re-
sponsibi l i t ies  for HF hazards control. The regulation presents  general information on the nature of HF
elec t romagnet ic  rad ia t ion  and d iscusses  the ca tegor ies  and impact of biological e f fec ts  including such
indirect effects as cardiac pacemaker in ter ference .

Special guidance is provided on actions to be taken for a suspected overexposure (def ined as two
times the PEL), to include medical examinations and clinical follow-up. On the other hand , routin e
pre- and postemployement medical examinations are not appropriate and the reasons for th i s  posit ion
are discussed ( I I ) .

An official RF Hazards warning sign is specified and guides are provided for implement ing a Base
Level HF Personnel Protection Program and for Survey ing Microwave Ovens. The new regulat ion also
provides useful equations and numerous examples for calculating PEL hazard distances.
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BIOEFFF~~I~ PJ~ EA}~~1 IN TilE DF~IERNI~~ TION OF LPZ~ER HAZARDS

Edwin S. Beatr ice , “ .0. , L IU , Chief , h a rry Zwick , Ph.D., Research Psychologist arid :a~vid J. Lund ,
l~isearch Physicist, ~~n-Ionizing Radiation Division , Repartrment of Biomadical Stress , Lut t i - r r~c. Army
Institute of Beseardi, Presidio of San Franciscx , CA 94129.

S~~~~~~~

A stztlrmary of the endpoints used in the establishnent of ocular damage threshold levels from laser
exposure incluxles the evaluation of grossly visible retinal opacity , photoreceptor alteration at the
level of the light and electron uni crosrope arid functional alteration in the task oriented anixtmal subject.

The threshold determination at the light and ultrastructural levels extends the sensitivity arid
reduces the threshold level for all laser wavelengths. The bobavioral evaluation of laser exposures are
oma tj-uousarid timas below the visible lesion endpoint arid d~ monstrates changes which oust Lu taken into
acrount in the evaluation of permissible huriari levels.

A revic~ of the research in the area of retinal effects from laser radiation will provide , at low
ievels, a cxxtprehensive revi~~ of the function of the retina and central nervous system interronnections
as applied to “normal” arrbient light—level exposures.

mrrlotxrrlON

The irriu~~3.iate hazard associated with laser radiation in the field is the possibility of sudden loss
of vision , glare , subtle imability to clearly focus or the distraction from an assigned mission by the
perception of the radiation as an envirorit~ntal change (e.g., warming of the skin , brighthess of the
sx rking area) . In the military scenario these charqes may produce altered ability to romplete missions
which r-eguire the full use of the intact visual system.

The present and projected uses of l aser syst~ ta has resul ted in the full moperation of all NAb
nations into the research of the bianedical hazards of laser radiation. These hazards extend from the
direct irupact or laser irradiation on the rornea, lens, arid retina of the eye (1-5) or skin (6-8) to the
hazards fran toxic lasing rt~ 3.ia and associated high voltage electrical equi~~~nt (9).

The actual hazard associated with a laser exposure from a siople laser source is statistically
minimal, but - the hazards are far greater from current and projected field utilization of a imiltiplicity
of laser systerre. Tie ixuiiediate eff~~t in establishing safe levels for field exercises is to adhere to
one or rmre of the current safety regulations (10—12) or to establish the riost ronservative approach to
the field use of laser devices arid syst~ ua where data is not yet available.

l~ search by investigators in England, airope, Canada, and the United States has been directed toward
establishing a broad-based approach to the understanding of the biological effects  of pulse width,
wavelength, and pulse repetition rate usirs criteria for tissue alteration involving observation of the
tissue by routine clinical tediniqtEs (slit lamp bicinicrosrope, direct arid indirect ophthalnosrope ,
fundus canera) or histological analysis (light , electron microsropy) . These data are available as a base
fran which n~~rber countries can extrapolate to safe operating levels for hyittan exposure using factors to
account for ateospheric effects, macular sensitivity, animal variability and humeri tissue variables.

oPmllALt’IIC l.tRPHOIiXW

Ti~ eye is the nost sensitive end organ arid is the nost vulnerable to laser exposure. Light is
sharply focused onto the retina. When an object is directly viewed, the image falls on the fovea
centralis of the macula . This central area, approximately 250 p in diameter (humans) has a high density
of cone pl-otoreceptors (color sensors). Recent research in the protein synthesis of the photoreceptors
by Young (13) shows that the coma ~~es not turn over (rer~ -i) protein in a contintous manner as c~c the
rods (contrast sensors). The cone photoreceptor is a highly specialized light reactive cell . Therefore ,
sufficient alteration of these photoreceptors as by a laser source may be permanent .

OPHThALi4DI-OGY N ANA1Ot-~( - PHYSIOIX)GY

‘l~ue cxxuplexity of the retina involves ailtiple links between photoreceptors ( rods) at the level of
the biopolar cell layer and further complexity in the neuroanatomical structures between the retina ,
lateral geniculate and visual cortex. Sotue measure of the effects of laser light on them~e structural
connections can arid are being addressed using bdiavioral and electrophysiological techniques. These
approaches are necessary in the evaluation of low level subthreshold laser exposures where no direct
eviderire of retinal al teration exists.

EXPDSURE (DNDITIONS

Each of the lasers of interest is set up arid carefully evaluated to determine pulse width , spatial
distribution of the l aser beam (Figure 1) arid exact dosii~~try reguired for exposures of primate eyes.
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FIOJRE 1. Typical laser exixus ure ~~st “TT. t-’~r - t-~ -r ~i is ~~~. t i - , ! U - d  f c ’r viewing ret ina before and
after laser irradiation and is coaxial with the h u l i u m — neon al Uqrr ent laser and exposure laser.

Exparirrents are then conducted ~or the ex-rt- tru: ,~~ , dilated eye ~~iCr l~~t L! U T the- nighttime exposure
condition) in the anesthetized primate for ~~~~~ retinal be -r~ h L’~I t t - r .~ ( 4 i J - 5 D  ~) and tar,:,- ,-t~j ii1 beaj -
irradiaroe diameters 500— 1000 .. Sufficient exposures are - in the macular arid paramacular retinal
areas , and observed by funduscopy using the f uridus rani-ra and lire-ct oph thalrroscope. The preser~ e or
absence of a visible retinal opacity is noted at 1 hour and 24 hours a f t e r  exposure (Figure 2).

FIQJRE 2. Retinal photograph 1 hour after exposure to arcpn laser radiation 1 second , 50 p ret inal
irradiars~e. Appearance of vessel crossing through lesion (middle row, second fran r i -~ h tj
indicates depth of alteration.

These data are used to determine the “statistical” threshold referred to as the ED ,0 .  Et thin 24 hours
after exposure, histology of the exposed retina is analyzed by fl at preparation (Fi gure 3) ~e~ ia1
microscopy or ultrastructural evaluation.
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FI~~JRE 3. Flat preparation of Q— swi tcherl ruby exposure; 50 p retinal irradiancc’ at t - threshold level;
60 u j  TIE (total intrancular energy) . Pigment epithelnal cells are displaced from lesnons
cent~-~ with zone of darkly pigmented cells surrounding central area .
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Threshold data , from which present safe levels have been derived, involve the use of primates. Data
:0-: ~~~~~ tclU .1 ruby (6 94.3 nm) , noadymiun (1.06 ~), frerjuericy deubled neodymium lasers (530 n ) ,  contint~ us
wave anj --u ~~ --lo , -ke.i ri f,-r-ictt -~ (1.0 6 p), argon (488 rim) , helium—nsmn (632.8 nm) , and gallium arsenide
( 900 nun) have A~ rn obtained. The data indicated : (1) The retina is the tissue ruost affected by these
laser wa-- ’.~t~-rre tna ; (2 The thresholds for retinal alteration are lower for ultrastructural analysis by a
fa~-t~ -r 01 o- than for dir c’t clinical observation ; (3) The short pulse durations (10 ~ sec) required
h:gher cra-rqy inputs than ml llisecond or second exposures; (4) The thresholds for small retinal
irradiar~~ di cLtters (40— 50 t~) are many factors higher than for larger irradiance (500—1000 p); (5) The

for retirLal alterations by direct observation (opacity) for Q—switched pilse are lowar in the
(530 nm) than ~n the red laser wavelengths. These conclusions are based on review of nest currently

a ’-ulurule  - l i t - a .

LLttt-i~’~rIot 2 OF DIRl~ ’~ OBSE~ JATION

~~ techn iques for biaredical hazard research involve a structured, precise experiiuental laser
tusirretry systen-- wit a carefully controlled animal subjects. The conditions for laberatory exposure

c~~ - the restrictions of anesthesia or analgesia, pupillary dilatation, careful correction of the
re i-~tion of the eye , and exact placesent of laser exposures. These conditions are “ideal ” and create
laberatary experimental data for the ‘ greatest hazard ” level determinations . The data generated dees rot
include the studies of retinal recovery (single sample) or the impact of retinal alteration or the ability
to see.

FU1~E2TIONAL CRITERIA

Different techniques are required to assess the ef fec ts  of various laser sources on the visual
process itself. What happens to the ability to ‘ see , ” to resolve smell detail when exposed to levels of
laser irradiation de~red ‘safe ’ by norphological criteria? We have enployed various functional criteria
to assess these kinds of effects (14) . The irritrdiate effects of foveal irradiation at suprathreshold
levels produce profound changes in overall visual acuity (15,16) . Long-term follow-up from six rtonths to
several years post-erçosure, however , detonstrate that recovery in overall visual acuity dees occur , but
significant alteration in photopic spectral sensitivity persists . Several investigations currently in
progress indicate that exposure to either brief or chronic visible laser irradiation can produce
permanent effects in function at levels ten tines below the safe level based on present standards (17) .
Such effects appear to be ron—thermal in origin (18 ,19) .

MEX }IANISI IS

In recent years , an increasing arroun t of data has accumulated to suggest that irechanisns other than
thermal are associated with the deleterious effects of light. Several utechanisnie have been proposed that
involve permanent alteration to the biochemistry and photopigrrents of the retinal receptors. In lower
nccturnal animal species goad agreerrent between the action spectra for these effects arid the photopigutent
absorption spectra of the rod photoreceptors has been obtained (20) . I-bwever , in sore recent work in the
rhesus rtonkey , less agreerent between the action spectrum and photopigunent absorption spectra is apparent

2 1) . This area of work is currently very active and sore definitive anawers may be available soan .

~Ft1N AND (X)RNEPL LT.~,SER ALTERATIOI’~

Alterations of the skin are produced by laser exposure varying from third degree burns to subtle
erythematous alterations of the derrtual vessels (Figure 4).

~.1•
-_~ :~ : . ‘~

-
~

FIt UPE 4. Section of porcine skin , 24 hours after TEA laser exposure. ~brmal architecture of skin is
destroyed with evidence of charring (250 us, 2 j / a u v ) .

:1-u& ~~cidental exposure to infrared laser radiation produces a sensation of warmth which stay result in
“reflex withdrawal ” wftith can be a greater hazard than the incident laser exposure (22). Similarly, the
effects of this laser radiation can produce subtle cloud rst of the cornea proce.~ i n -  - at higher exposure
levels to perrlanu-nt cortical scarring or corneal penetration (Figure 5). 
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FIGJRE 5. Corneal opacity ~hothgraphed 1 hour after exoasure to carton dioxide laser radiation
(100 ruts , 65 w/ a n ) .

DISCUSSION

The inpact of these research studies is to reduce the safe operating laser levels, while the field
exercise is to successfully use the laser devices arid systei-n . ~I rsa requi rements of the use of lasers
involves a closely coordinated program involving education of the user and his coumnander in the area of
laser hazards, careful review of the field exercise by a trained individual in the potential hazards of
the laser system to be used , and appropriate protective measures cc insure a safe, mission effective,
tactical scenario.

~~~ recurrent euphasis on the associated hazards of laser radiation have recently been reported in
the press in the Lhited States . These incidents have been associated with two deaths by electrocution
in individuals working with high voltage laser power supplies used in laser sys tens. Such reports are a
warning to the laser user arid could easily occur in the field maintenance or use of a laser device .
Liju ewise, the chenical arid noise level hazards associated with gas and chemical lasers could be completely
uriderstcod arid precautions taken to avoid chronic exposures .
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THE ATTENUATION EFFICIENCY SCORE
A MEASURE OF OVERALL HEARING PROTECTIVE EFFICIENCY OF HEARIN G PROTECTORS

by
Robert T. Camp , Jr.

Director, Bioacoustics Divisio n
US Army Aeromedical Research Laboratory

P.O. Box 577
Fort Rucker , Alabama 36362

U. S. A .

SUMMARY

The Attenuation Efficiency Score (AES) is a new method for an
overall description for sound attenuation characteristics of hearing
protectors with a single value. The derivation of the AES will be
presented with emphasis on the reasons why the AES is an unbiased
estimate of the overall attenuation of a hearing protector. Comparisons
of this method will be made with other methods that express overall
attenuation in a single decibel value. The AES is presented as an
unbiased overall measure of the relative attenuation efficiency of hear-
ing protectors within the limits of the known state—of-the-art. The
normalization of low and hig h frequency attenuation values into
percentiles eliminates hi gh frequency biasing of overall evaluations that
occur with averaged decibel values.

Military training and operations have been a source of hazardous acoustic environments since the
invention of gunpowder. Histories of warfare or medicine have not recorded the extent of hearing l oss
due to hazardous acoustic environments on personnel , but it may be safely speculated that the high
impulsive noise generated by weapons caused losses of hearing. Limited hearing protective procedures
have been practiced in the past -— such as the use of cotton as earplugs , but until the early 1950’s
there existed few efforts to quantify acoustical hazards or attenuation characteristi cs of hearing
protectors.

The introduction of jet engines in the late 1940’s and early 1950’s for civilian and military
aircraft gave rise to the consciousness of the need for hearing protection. The high sound pressure
levels generated by the jet engines motivated the Military Services to invest in research and development
of hearing protectors and basic research on the nature of hearing loss. Most of the helmets , headsets
and earplugs available at that time were tested and evaluated for attenuation characteristics. It became
necessary, therefore, to establish a standard for the rw±asurertuent of hearing protector attenuation char-
acteristics. The standard ANSI method was established in the United States in 1957 by which hearing
protectors, such as helmets , earplugs and headsets , were tested.

As a result of military investment in research , improved hearing protectors were developed , and also
basic research provided predictions about the upper limits of hearing protection that might be developed
for use of protecting hearing in hazardous acoustic environments. The results of empirical measurements
have generally agreed with the early predicted maximum sound attenuation values obtainable around the
human head at various audio frequencies. The modern efficient hearing protectors do not exceed very much
the predicted values established by the early research.

From the theoretical predictions of the upper lim its of hearing protectors and the empirical data
that have been gathered since the 1950’s it is known that high frequency attenuation of most hearing pro-
tectors is greater than the protection available at low frequencies. For instance , with an efficient
hearing protector the real—ear attenuation obtainable at 125 Hz approaches a limit of 24 decibels.
Whereas , maximum attenuation possible at 4,000 Hz has been found to be as hi gh as 53 decibels. The
maximum attenuation values found among a large sample of hearing protectors are depicted grap hicall y in
Figure 1. It must be stressed that the upper limit values are among a large sample of devices . There is
no known device that yields the upper limits attenuation values for all test frequencies.

The nonlinear contour in Figure 1 shows that - in general - there is a continuous increase of
possible attenuation from 125 Hz up to 4,000 Hz and a slight decline of contour between 4,000 Hz and
8,000 Hz. The irregular area of attenuation within the bounds of the extreme hi gh and low test frequen-
cies of 75 Hz and 8,000 H7, respectively, and the maximum attenuation values is an indication of why a
description of the overall attenuation characteristics of a hearing protector with one averaged value may
be ambiguous. For instance , if one refers to the attenuation characteristics of a hearing protector as
25 decibels , ambi guity becomes apparent when one tries to assess the meanin g of the overall one-figure
evaluat ion. A hearing protector with 25 dB at low frequencies would be a very efficient attenuator , -

whereas a device wi th 25 decibels attenuation at high frequencies between 3 ,000 and 8,000 Hz would be a
very Inefficient hearing protector.

The purpose of this presentation Is to present a new method for evaluation of hearing protect irs
wi th a sing le overall value that would be meaningful for the relative evaluation of hearing protectors.
The new method measures relative hearing protective characteristics in term s of Attenuation Efficiency
Scores (AES). The procedure for computing AES requires the transformation of attenuation decib el value s
into percentile values. This normalizes the data so that the irregular curve of maximum attenuation

~
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values is converted to a straight line shown in Figure 2. It was assumed that the data from a large
sample of hearing protectors contained maximum attenuation values that are asymptotic. The attenuation
of future hearing protective devices would not be expected to exceed very much the maximum value contours.
Therefore percentile values were selected as the basis for an overall measure of relative efficiency.
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MAXIMUM R EAL-EAR SOUND A T T E N U A T I O N  VALUES IN
DECIBELS OBTAINED WITH A LARGE SAMPLE OF HEARING
PR OTECTORS TRANSFORMED INTO PERCENTILES

Figure 2

Decibel attenuation values at each test frequency were converted into percentiles so that 100
percentile represents the maximum attenuation values and all other decibel values were transformed into
percentiles determined by the distribution of attenuation values for each test frequency. Fi gure 2
depicts the transformation of the i rregular curve in Figure 1 into a 100 percentile straight line. The
total area under the strai ght line 100 percentile l i n e  was arbitrarily made equal to 100 , or the
maximum Attenuation Efficiency Score (AES). All hearing protectors would fall within this area and no
device would yield an AES of 100 because there is no known device that yields the maximum attenuation
values for all test frequencies.

rtaximum AES of 100 = 
100 percentile 

. log upper frequency - Constant

10 l ower frequency

AES (100) 10 deciles . log 8000 lIz . =

75 Hz
10 deci les - log 106.666667 K =
10 deciles . 2.0213028724 4 .9308966 31

10 decl les 10 100 
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The total area then is subdivided into smaller areas as depicted in Figure 3. Each subarea is
calculated by an ordinate value in deciles which ranges between 0 and 10 times the difference of the
logarithm of the boundary frequencies of the subarea times a constant. For a theoretically perfect
hearing protector within the state-of-the-art the area , or AES , would be a total of 100.
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Figure 4

An example of a hearing protector ’s attenuation characteristics transformed into percentiles and
subdivided into areas with the test frequencies as boundaries of each subarea is shown in Figure 4.
Each subarea is a column composed of a rectangle the area of which is determined by the boundary frequencies
and the percentile values for each of two frequencies. For instance , in Fi gure 4 the first subarea is
formed by the rectangle area B-I and B-2 at the base and P-2 and 0-1 at the top of the rectang le plus the
triangle area formed by points P-i , P-2 and 0-1. The areas between other adjacent test frequencies are
formed in the same manner , and the sum of the subareas yields the overall Attenuation Efficiency Score.
The equation for computing the Attenuation Efficiency Score is as follows :

AES = ( F’75 + Pt25 
log ~~ K ) + ( 12 5  2~~0 

-‘ lo
2 s 1 0  f75  2~~~i0 

K )  +

P 8 0 0 0  + P
8 0 0

8 0 0 0
log~~~~ K )

2 10 f 6000

When P 15 , P 2 5  P ,1 . , and are percentile values at the indicated test frequencies and
K = 4. 930896631. Tab le IA in the Appendix contains Percentile Ranks for Mean Real-Ear
Attenuation Decibel Values Obtained with 63 Hearing Protective Devices.
Table h A  contains Percentile Values In Decibels for Mean Real— Ear Attenuation Data of
63 Hearing Protective Devices. 
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It is obvious from the above derivation of the Attenuation Efficiency Score , the AES is the sumation
of the areas beneath the percentile transform of the decibel attenuation data characteristics of a hear-
ing protector. The normalization of the nonlinear decibel values makes possible unbiased sunination of the
areas yielded by the various portions of the test spectra and , consequently, yields a single meaningful one
value estimate of the overall efficiency of a hearing protector. In Fi gure 3 it may be observed that the
areas between frequencies one octave apart yield equal areas. All other frequency intervals less than an
octave have less area. This is determined by the logarithm value of the frequency . With the preferred
frequencies used for attenuation testing, the area between 75 Hz and 125 Hz is less than one octave. Also .
the areas between the test frequencies 1 kHz and 8 kHz are less than an octave and therefore are smaller
than octave band areas. The formula gi ven for the computation may be used for any test frequency that
might be chosen - other than the preferred frequencies used in the examples.

A comparison of the AES with the average decibel values, i.e., the arithmetic mean of attenuation
values (referred to as “averaged decibel values ”) for all test frequencies from 75 Hz to 8 kHz for a
given hearing protector shows that among a large sample of more than sixty hearing protective devices the
upper decibel aritI~netic mean value of the attenuation for all test frequencies was about 35 dB. The
lowest mean value was approximately 10 dB. The range of AES values was between 9 and 84. The conversion
of decibels to percentiles and the calculation of the AES is preferred over averaging decibel values,
because -- first , the ambiguity of the averaging method is eliminated. The high frequency biasing inherent
in the averaging method is eliminated . Secondly, a plot of the decibel attenuation values alone does not
yield much information about the relative efficiency at each test frequency unless the observer has an
extensive knowledge of the limitations of hearing protection at various frequencies. The conversion to
percentile values overcomes this disadvantage and ininediately conveys to the observer the relative effi-
ciency at a given test frequency. A comparison of the attenuation in decibels and percentile ranks is
shown in Figure 5. Note the attenuation In decibels curve at 3 ,000 Hz. The increasing attenuation
characteristics significance can be evaluated only by observing the corresponding percentile value which
shows a dip at that point. On the other hand , the next frequency of 4,000 Hz shows a higher attenuation
in decibel value which is a significant increase in terms of the state-of-the-art. For the low test
frequency range the percentile contour gives a better feeling for the efficiency in these frequencies
where the upper limit s of attenuation are low-valued.
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Figure 5

The scatter diagram of the mean attenuation values In decibels versus AES scores was plotted and a
correlation was computed. See Figure 6. The value of the correlation was found to be .97. The mean of
the AES values was 49.5, and the mean of the averaged values was 23.9. The standard deviation of the AES
values was 23.1, and the standard deviation of the averaged values was 7.0.
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The objecti ons that have been raised about the use of the AES are that the maximum attenuation
obtained in hearing protectors is not f ixed and therefo re may be variable wi th  time . This is true .
However , in recent years we find that very l i t t le  increase has been obtained over the maximum values that
are l isted . It is speculated , however , that these va lues are asymptotic and that there wi l l  be very
l i t t le  change in the future -- and the upper l imits w i l l  not be changed signif icantly. Even if there are
some small changes , the effect on the AES v alue would be minor. Secondly, it has been appropr i a t e ly noted
that a change of attenuation value at the top end of the scale would not reflect the one-to-one mapping
of the magn itude of change. For instance , if one is in the 99 percenti le of his peers in some abi l i ty ,
thi s does not necessarily reflect how much above - in absolute terms . He may be slightly above or he stay
be superior by a large magnitude. Al thot~gh the absolute information is not refl ected in the PIES , there is
an advantage of knowing the relative position of a hearing protector in terms of the state-of-the-art. It
is believed that the relative evaluation of a hearing protector in terms of the state-of-the-art is
appropriate due to the nature of hearing protectors.

As research and empirical testing have demonstrated , hear ing protectors have upper limits and therefore
cannot be thought of as devices with unlimi ted attenuation to fit any application that requires extremely
high attenuation . So it is important to keep in mind -- in the applications of hearing protectors - -

not onl y the amount of the desired attenuation available , but also how does a part icular hearing protector
rank among the state-of-the-ar t devices , and , too - what is the maximum possib le attenuation for a gi ven
frequency .

The AES is recomended only as extra useful information about the relative evaluation of hearing pro-
tectors. In no way is it reconinended to rep lace actual attenuat ion characteristics in terms of spectral
information . It is only with a knowledge of the noise spectra analysis and the real-ear attenuation
curves in decibels that one can assure protection against a hazardous acoustic environment. One other
disadvantage that has been raised is with reference to the sunination of areas between discrete points of
attenuation values when the actual contours of attenuat ion between the test points are not known. For
this purpose we assume that the contours between the points are a rough general estimate of the attenuation
characteristics of a hearing protector and that the sumation of areas is justified on that basis.

In suninary , the Attenuation Efficiency Score (PIES) has been introduced as a proposed method for
expressing the overa ll attenuation efficiency of hearing protectors. It is a single va l ue estimate of
the overall attenuation efficiency that has advantages over the use of averaged decibels. The PIES iS
an unbiased est imate of the re lative eff iciency of hearing protectors within the state-of-the-art. It
is not recoitsiended as a proposed replacement of spectral information that is required for the appl icat ion
of hearing protectors in various types of noise. It may be useful for an overall evaluation of hearing
protectors that yield various de~ -Les of attenuat ion efficiency throuqhout the audio spectrum . The AES
does not have the drawback of making generalizations about noise characteristics as other methods such
as the “K” and “S’ factors that have recently been introduced. Even with the l imitat ions that have been
stated , the Attenuation E f f i c i e n c y  Score is reconixended as a useful method for expressing overall
at tenuation ef f ic iency of hearing protectors .
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TABLE IA

PERCENTILE RANK FOR MEAN REAL-EAR ATTENUATION DECIBEL
VALUES OBTAINED WITH 63 HE A R I N O  PR OTECTIVE DEVICES

Real-Ear Frequency in Hertz
Attenuation
in Decibels 75* 125 250 500 1K 2K 3K** 4K 6K

- 4  1
— 3  1
— 2  1
- 1  2 2 2

0 3 3 2
1 1 5 6 2 1
2 2 8 10 3 1
3 4 12 13 6 2 1
4 7 16 17 6 2 1

5 11 18 21 8 2 1
6 17 21 23 10 3 2
7 22 25 24 13 4 2
8 25 28 25 17 6 2
9 28 33 30 18 7 3 2 1

10 32 37 34 20 9 3 2 1
11 35 43 37 21 10 3 2 1
12 38 47 40 23 13 3 3 2
13 45 50 42 25 15 4 3 2
14 52 55 45 27 16 4 i 3 2

15 58 59 51 29 18 4 1 3 3
16 66 64 56 30 22 6 1 4 3
17 72 74 61 33 25 8 2 4 3
18 79 83 67 37 26 9 2 4 4
19 84 88 74 38 29 11 2 - 4 4

20 89 92 78 41 31 14 3 5 5
21 93 94 81 45 33 16 2 3 5 6
22 94 95 84 46 37 18 2 5 5 6
23 96 98 89 48 40 22 3 6 5 10
24 98 100 92 52 41 25 3 6 6 13

25 100 94 57 44 26 4 7 9 16
26 96 62 48 30 4 7 II 19
27 97 64 52 34 5 7 13 22
28 98 66 56 37 5 8 19 26
29 100 67 60 40 6 ii 28 31

30 73 64 44 7 15 26 37
31 80 68 48 9 19 28 43
32 84 73 52 11 23 30 47
33 87 75 58 15 27 31 53
34 90 78 65 20 31 35 60

35 92 81 75 26 37 39 66
36 94 87 83 30 43 46 73
37 95 90 88 35 47 56 79
38 96 92 93 39 53 59 85
39 97 94 100 46 59 65 90

40 100 95 54 61 70 92
41 97 61 67 72 94
42 100 70 75 78 95
43 78 79 81 96
44 87 82 83 98

45 90 84 85 98
46 92 87 87 100
47 94 90 89
48 96 93 93
49 97 94 94

100 

1(N)

* Comparisons Obtained with 63 Hearing Protective Devices
41Coniparisons Obtained wI th 27 Hear ing Protective Devices
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TABLE I IA

Percentile Values in Decibels for Mean Real-Ear Attenuation Data of 63 Hearing Protective Devices

Percentile 75 Hz* 125 Hz 250 Hz 500 Hz 1 KHz 2 KHz 3 KHz** 4yJ~ 6 V J~ ** 13 KHz

P10 4.9 2.6 2.1 5.8 10.9 18.6 32.2 28.6 25.9 23.1

P20 6.6 5.7 4.8 10.1 15.4 22.4 34.4 31.3 28.2 26.3

P 30 9.6 8.5 9.0 15.9 19.4 26.0 36.0 33.8 32.6 28.8

P40 12.3 10.6 12.1 19.8 23.7 28.9 38.3 35.3 35.3 30.3

P50 13.7 13.0 14.9 23.3 26.6 31.3 39.3 37.6 36.3 32.6

P60 15.2 15.4 16.8 25.4 28.9 33.3 40.9 39.4 38.6 33.9

P70 16.7 16.6 18.3 29.7 31.3 34.6 41.9 41.3 40.4 34.9

F’0O 18.2 17.6 20.7 31.0 34.7 35.4 43.3 43.6 43.1 37.2

P90 20.2 19.4 23.8 34.6 37.4 37.4 45.8 46.8 48.1 39.2

P100 25.0 24.0 29.0 40.0 42.0 39.0 50 .0 53.0 52.0 46.0

* Computed from data of 61 hearing protective devices.

~~Computed from data of 27 hearing protective devices.

DISCUSSION

Dr II.Voii Gierke. US.-~
The AES might have some mer it  for expressing overall attenuation efficiency in devel-
op ing ear protectors , although I feel it is u n f a i r  to use the same maximum attenuation
curve for all types of p r o t e c t o r s .  We know very we l l  that the theoretical l imits for
maximum protection are different for the different types i.e . earp lugs , muffs and
helmets. However, the AES cannot replace the v a r i o u s  method s of a v e r a g ing  dec i b e l s ,
which have been developed to give a practical answer to the question : how much is the
A—wei ghted sound level at the tympanic membrane reduced by t i l e  ear protector compared
to the free—field environmental noise level. The AEA is not able t I  a n s w e r  t i I i ~
practical question. For this reason it appears to mo that the averaged Ittenuat ions
as being used by the USAF and the US OSHA are the practical average a t t o - I 1 I I I t  ion
measures most useful for the evaluation of ear prot ector effectiveness. 
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INTRODUCTION

In order to assess the increasing problem of noise the UK Government set up a committee in 1960 to examine - -

th. nature , sources and effects of the problem of noise and to advise what further measures can be taken to
miti gate it . For the purpose of this task the committee adopted the definition of noise as “sound which is
undesired by the recip ient” ( 1)  Thie definition emphasised the cardinal princip le that noise in this con—
text is subjec t ive, and therefore appropriate when considering noise which gives rise to complaints. It is
recognised that these complaints are due to the general effects of such noise and include:—

a. Interference with communication, and

b . disturbance of work, recreation or sleep.

In order to assess these main effects many studies and surveys were curried out in the UK . From these
studios and subsequent work indices for nuisance noise from road traffic , aircraft and industrial p remises
have been formulated. These indices are primarily related to the civilian environment and based on them
statutory jnatrument8 have been framed. The noise source with which we are concerned is that from aircraft ,
in particular the noise in the vicinity of airfields. In view of the legislation in existence to provide
recompense for the popul ation affected by noise levels in excess of the criteria laid down for civil air—
fiel ds the Royal Poir Force was required to recommend comparable criteria for noise in the vicinit y of
milit ary airfields.

;~uIdE INDI C~~ U~~P IN THU UNITIID KINGDOM

At  the present the three types of noise source identified for the ournose of p lannin s control and leg is-
lation are:—

a, Road traffic

b. Aircr aft noise

C. Industrial premises

The different characteristics of these noise sources have realilted in a different index for each.

Paad Traffic

Investi gations of the subjective assessment of motor vehicle noise indic a ted that Ilissa tis fac tion towards
t r- ffic noiae~ was dependent on the level and variab ility of the noise . In a subjective experim .’I~t
desiened to establish a relationshi p between the subjective ratin r of noise emitted by motor vehicles ,
and objective measurements made with a sound level meter employing A—wei g htin g Mills — ond Robinson C?)
showed that a satisfactory correlation is obtained between the subjective and objective measurements in
the case of private cars and commercial vehicles. Based on all the available data a measure called the
Traffic noise Index (7NI) was formulated. This index was intended to correlate with average dissatis-
faction and combined a measure of back ground level with one of the difference between traffic noise peaks
and background noise (3). The measurement of PHI proved to be difficult because of the v a ri ab i lit y of
background noise from sources other than road traffic; prediction would slao have been diff icult on the
available da ta. Because of this the 10 (18 hour) value has been adopted for the present for use in noise
legislation (i+)~

The L10 scale gives a measure of theLlevel of noise exceeded for 10 per cen t of the time . The (iR hour)
value is the arithmetic mean of the 10 values derived from 1 °i samp le periods , one for each of the hours
between 0600 and 2~00 hours, in a normal wor~ing day. The sample periods should not be lens in duration
than 5 minutes end could be much more. The 10 (18 hour) index is used in control l ing housin g development.
Residential develop~ent is considered by the UK Noise Adviso ry Council as having a l imi t  of acceptability
pf 70 dB(A) in the 10 (18 hour) scale. In addition , buil ding specifications murm t not pro d -ice an internal

~1O (i8 hour) with windows closed , of greater than 50 dB (A) on this scale; it has been mimag gested that a
good standard would be ~0 dB (A )  (5) .

Aircra f t  Noise

The problem of aircraft noise came to the forefront onl y after the second i~orld o~-ir , Thourh there were
large numbers of aircraft during the war and few parts of Great Britain were unaffect eli by their noise ,
this  w ag regarded as a sign of strength. Post war expansion of civil avi a tion was conc entr a ted on a small
number of airfiel ds. Complaints about aircraft noise were received and beg-an to increase. [‘he transition
from pi ston engine to turbo—propeller aircraft brought a further increase , and the advent of the large
turbo—jet airc raft made noise in the vicinity of civil airports a major problem.

Ir was necessary to obtain subjective assessments of aircraft nose, relate these to objective measurements
and at tem p t to formul ate noise measures which would be acceptable to the majority of those exposed.
Robin son (1) carried out an experiment at  the ~BA (~ .how at Farnborourh in 19~ 1 where sixty subjects made
juI1~ omenta of the sounds of aircraft flying overhead . Two rating scales were used for outdoor .iu dgementa
using the c r i t e r ia of “noisiness” and intru sivenean. Noise levels were expres sed in dli (A) and PNdB. There

a subjective relationship b*tween the scales of intrusiveness and noisiness which correlated with
objective measurement of sound levela; this is shown ‘iiag r -a rn m -i ticn l ly in Fig 1 .

I anm erly I IIro ’ , t , , r  ci (,II III,III,lIi’ , 5ICJ,~ I,le I)IIe ~_ I ,, IJ t o ’ I .CIICI .II - 1  SkIll, II S4’r ’. I l ~C S . R,~ ,,I \ I~ I
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R~LATI0NSHIP BcT.JSEN TIlt~ OBJECTIVE SCALES OF SOUND LEVEL A AND PEHCKIV~SD NOISK LEVEL (PNdB) , AND THE
CATESCRY .IOALE3 OF INTRU3IV~~F.SS AND NOISINESS. (Committee on the Problem of Noise 1963).

comparison of the perceived noise levels (PNdB) and sound levels ( d B (A ) )  for numerou s aircraf t
noises showed that the two measures may be regarded as having a constant difference of about 13.

Another source of valuable data was a social survey in the v i c i n i ty of London (Heathrow) airport.
Thia survey covered all the residential dietricta within 10 miles of the airport (1). From the physical
measu rements carried out , ii. different variables could be isolated as comprising the noise climate.
There were also 58 socio—psycholog ical variables which could be identified from answers to question-
naires. Following extensive analysis by computer it was found that all the significant correlations with
physical variables could be reduced to two , namely those with average peak noise level of the aircraft
and with the number heard per day. In essence it appeared that annoyance was a function of the average
peak noise level of the aircraft and the number of flights per day. It was possible therefore to attempt
an equivalence between a change in noise level and number. One way of doing this was to plot the average
annoyance aga inst the noise level. To estimate the equivalence , three lines were drawn so that they were
parallel, equidistant and fitted the points well. It was possible to achieve a good f i t  taking the values
for the number parameter as 5.5, 22 , and l~8; they form a geometc’ical series of ratio 4. Fig. 2 shows
this relationship.

Fig. 2
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simi la r re su lt can be obtained u sing the method of least squares giving weigh t to the point in each cell
rl rI)~ ,) r t iomaa1 to the number of observations. From Fig. ? i t  can be seen that the annoyance rating seems to
v~ r’i almost linearly with the total noise exposure figure and that zero annoyance is indic -s ted at about 80.
Th is  f i~-u re was sub t rac ted  from the total noise exposure figures in PNdB , th e resul t ant value is describ ed
as the Noise and Number Index (Nr[I). The Noise and Number Index therefore uses the average values of the
maximum perceived noise level together with the number of aircraft heard in a specified period and can be
derive ! from the following formula:—

NNI = ~~N max + 15 Log10N—80

AhereLPN max = average (taken logarithmically) of the maximum perceived levels attained during passage of
successive aircraft and ,

N = the number of aircraft heard in a defined daytime period.

At present it is advised by the Department of Environment that building permission should be refused at
60 NNI and above 1 and that no major developments should be allowed in areas of 1+O 60 NNI. At London
(Heathrow) Airport mound proofing grants are allowed within the 55 NNI contour. It is this value of 55
NNI which required an equivalence in terms of military airfields.

UK Industrial ~1oise

Control on noise from industrial premises and other fixed installations is on the bagia of Corrected Noise
Level (-JNL) rating method involving the index described in British Standard 88 4142 (6). In this system 1
the level of noise emitted from industrial premises, in dB (A) is corrected for tonal, impulsive, inter—
mittent and duration aspects. Should the resultant value of CML exceed 75 dB ( A) by day or 65 dB (A) by
ni ght , new development would scarcely ever be justified for residential or other noise sensitive uses.

In addition to the above indices, it must be noted that prolonged exposure to noise from aircraft at
close proxImity cannot be dismissed as having no possible effect on hearing. Thus it is relevant to take
note that the “Code of Practice for Reducing the Exposure of &nployed Persons to Noise”, issued by the
Department of ~eployment (7), recommends that occupational exposure to Equivalent Continuous Sound Level
(Leq) of noise more than 90 dB(A) for a nominal 8 hour day requires the use of ear protection. However,
this is to he regarded as a maximum acceptable and not am a desirable level. The use of Leq in this
context is an essential concept and this index is now widely accepted at national and international level
for a variety of purposea.

UK [‘[cisc Induced Hearing Loss: Noise Imjssiofl Level

The British Standards Institution has produced a new standard method for estimating the risk of’ hearing
handicap due to noise exposure (8). The standard is in effect the logical outcome of the earlier ISO R
1999 (ISO 1971), which was influenced by Britieh data from the Medical Research Council — National Physical
Laboratory survey (9) . These data were based on the acceptance of the principle that total energy
reaching the ear determines the extent and frequency distribution of noise induced hearing change. The
standard provides an explicit procedure which , given the equivalent sound level , the duration of exposure
and the age of the population, will yield a value designated the “handicap percentage”. For purposes of
this procedure the equivalent continuous sound level is defined as a notional continuous mound level in
dS(A) which if present for a specified duration (e.g. 8 hours) could cause the same A—weighted sound
energy to be received -as that due to an actual sound occurring in a specified duration , and Noise
Immiasion Level (NIL) is defined as the A—weighted noise immiaaion , expressed in decibels relative to
a specified duration. Noise immission is taken as the index of the total energy incident on the ear over
a specified duration.

SUITABILITY OF ExI.;rING INi)I~ c~ FOR MILITARY AIRFIelDS

The L10 (i~ hour) index used for road traffic was primarily intended for busy main roads carrying freely
f lowing traff ic. It had the disadvantage that it did not take accoun t of background noi se in that given
a quiet background the passage of a given flow of vehicles was more disturbing (in an incremental sense)
than that of the same traffic heard against a noisy background.

The Noise and Number Index (1211) was developed from surveys carried out around London (Heathrow). Its
suitability for other airports can be questioned. Also NNI does not take into direct account general
background noise except to stipulate a lower level of 80 PNdB in relation to the number of aircraft
counted as “heard” . Another criticism is that ground running of aircraft engines is excluded in the
derivation of ;NI. Fmirther~NNI cannot be stated to reflect the true response of the majority of those
exposed when high noise levels are produced by a few aircraft performing, for examp le, traininc profiles.

Finally , the orr cted Noise Level (CML) for industrial purposes was derived for predic tion of complaints
(11), and surveys have shown th-it the relationshi p between the volume of complaints and the extent of
annoyance is extremely complex; the former does not necessarily reflect the latter. CNL is a useful tool
for planning r~ rposes.

MILITAi1Y ,IRF I SLI) N~ I - E

Again -m t the ha ck c -rr,’and of the foregoing concep ts, recommendations and current planning restrictions .
ts.~etber with pos~ ihle f u t u re  lerial-ation the need is for a rq t io naliI ce 1 , ‘nd possibly single i ndex
~~y a P .~~~ for lIa.an t &fy ln the various types af di~~t u rb ance : Ro pinson ’ n (12)  ( i~~) consideration of t~ is
pro~-_ em rro lucel ‘~~~o Noise Pollution Level (~ iF). The index ~Nl is in an early I It lpe of Il,’velopm.’nt.
It includ es the ~ ff~ ct-’s of background noise and may well in f uture supolant other meanmm r—~- as a u n i f i e d

acale for iu- ~ n t m f y i n e  d i f f e rent  v a r ie t i e s  of noise din t la rb a nc e .
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However , it was felt to be more difficult to derive than was desirable for the present purpose. In view
of’ this the Royal Air Force Environmental Noise Advisory Committee agreed to accept the proposal that the
A—weighted sound level be used for the measurement of sound in the vicinity of military airfields and at
the present time the specification of noise levels around Military Airfields be based on equivalent
continuous sound level (Leq).

The choice of a value of Leq may be approached through an examination of the equivalent values of the
var ious indices noted above, which are in current use for planning purposes. Fuller and Robinson (11+)
and Berry (15) have examined the various aspects cf these indices. Berry ’s study is of immediate rele-
vance to the present problem , since he derives equivalent values of the appropriate indices for road
trsffic , aircraft and industrial noise, end compare~ his findings with the officially recommended values.
The methods are of some complexity, but in essence 10 is cpmpared with NUI (making various aasum~tions
on air traffic patterns) through the intermediary of Leq or NP. The equivalences derived throughlW are
as follows:—

L
10 Leq NNI LNP CML

70 dB (A) 67 dR (A ) 76 72

These are outdoor values and standard deviations are omitted.

Incompatibilities still exist in the duration and times associated with these indices which are yet to
be resolved. Nevertheless, it is clear that the Department of the Environment Planning and Noise
Circular recommendations (5) agree with the theoretical derivations, and the recommended values indicate
equal degrees of acceptability at those levels.

In assigning a value of Leq for the present purpose the civil airfield value of 55 NNI may be taken as
the guide, it is necessary to derive an Leq value equivalent to this. Berry ’s (15) estimate of equiv-
alences between Leq and [181 described above indicates that 67 dB (A) corresponds to tS NNI. The propriety
of simply adding equal values in dE to both may be argue d , but as a final step no immediate alternative
is open. Thus 55 NNI should imply an Laq of 81+ dB (A). To put this comparison into perspective the
durationa associated with the values must be considered. The NNI val~e is a daytime logarithmic average
over the hours 0600—1800 in summer, whereas 67 dB(A) is derived from 10 (18 hours) from 0600—2400 hours.
If the Leq of 81+ dB (A) is accepted for 18 hours, the 8 hour equivalent would he 87.5 dhlA). m i s  result
exceeds the occupational exposure maximum permitted by RAF Defence Council Instructiana (16), snd was
therefore considered unacceptable.

~owever, if an alternative solution is sought , Berry (i5), ~sing Leq as the means of’ conve?sion between
10 and NNI , derived a value of 49 NNI am equivalent to an 10 of 70 dB (A ) or an Leq of’ ‘(‘ dB(A). Using

this equivalence, the Leq for 55 NNI would be 73 dB(A). If this value is associated with the same duration
as above, i.e. 18 hours, it would imply an 8 hour value of 76.5 dB(A ) , or a ‘4 hour value of 71.5 dB (A).
A com promise as the mean of the 8 hour values obtained by the two ‘n=thod s would place the ~ hour Leq at
82 dB(A). It was felt that a more appropriate figure would be to round it off to ~0 dB(~~) thus making
the 24 hour value 75 dB(A). This value has been accepted as the equivalence to 55 NM in the Royal Air
Force.

This criterion has now been in existence for nearly 2 years an-I the - 
~ai1-: -tions are that it reflects the

true reactions of the majority of those exposed to noise in the vici ni ty of ‘iilit-a ry airfields. It is
emphamised however, tb-at in view of the apparently arbitrary nature of the final computation the criterion
will be continuously assessed under actual operating conditions an ! revisi-,n to a lower value is not
excluded.
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DISCUSS ION

I)r Ileinu lug I V i i  C,ierke
I have not received a copy of the question. Dr Von Cierke made a comment on the
app lication of equivalent continuous sound level (Leq) In the United States, This was
acknowled ged . The question in regard to my paper was whether any weighting/allow ance
was made for night—time disturbance in arriving at the criterion Leq(24)7SdB(A) Ic r
noise in the vicinity of military airfields.

-‘tut h,,r ”, rep ly
An allowance or we ight ing for ni ght—t ime noise was considered in the derivation of the
1 er;(2A)75dBIA) . In considering a 24 hour t q, it is c SN’mary i t  add a wei ghting say
~0 to the night—t ime Leq and ca l cu la te  the 21. hour Leq from t h e s e  values i -cording I ’
t i , - t - r T p l I i ,

dh  x 10Lo,’lo + nh x 10 ~~~~~ 10

Leq(21.) Ldn = 10 Log
10 

— _______ ________ 
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Where dh = daytime hours
dn = night—time hours
Ld daytime Leg
Lu = night—t ime Leq

Ldn calculated Leq for 24 hours

Four our purpose , having arrived at a 24 hour Leg of 75dB(A) by translation of the existing indices , it
was felt that the various combinations which would make the Leq(24)75d8(A) be examined and then sti pulate
a n ight—time Leq to still be within limits of the 75dB (A) as the 24 hour Leg. The following steps will
explain our approach.

1. Leq(24)75dB(A) may be distributed as follows :

75dB(A) for  24 hours
76d 8(A) for 18 hours and 0 for 6 hours
78dB (A) fo r  12 hours and 0 for 12 hours
80d8(A) for 8 hours and 0 for 16 hours

2. If ;e consider an 18 hour value similar to the L
10 

18 hour value for road traffic , the value of
76dB(A) ~ould be taken as the daytime Leq (18) and various Leq values for night—time Leq(6) were chosen
and their influence on the Leg 24 hour calculated as follows:

18 x io76t~
0 

+ 6 x 10Ln/ 10

Leq(24) 10 Log
10 

-
~~~~~~~~~

24

(a) Ni g ht—time weighting of 10. Ln 66dB(A)

18 x 1076/ 10 
+ 6 x io

66
~
’l0

Leq(24) 10 Log
10 24

= 74.89 dB(A)

(b) Night—time weighting of 20. Ln 56dB(A)

18 + 6 x 10
56/10

Leq(24) = 10 Log10
24

= 74 .87

(c) Night—time weighting of 31. Ln = 45dB(A)

18 x 1076R0 + 6 x i045
~
’10

Leq(24) = 10 Log
10 24

= 74.75

(d) NigI’t—t ime weight ing of 36. Ln — 40d8(A)

18 x ~o
76
~

l0 
+ 6 x io40/’lO

Lwg (24)  = 10 Log
10 

—________________________
24

— 74 .75

The deviation of Leq(24)75 with a weighting range between 10 and 36 is not significant and we are confi-
dent that the present type of operations will enable us to contain the ni ght—time disturbance within
these values.
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US Air Force Environmental And Occupational
Health irogran-

by

Lt Colonel Johan F. Bayer
Aerospace Meulcine Division
Air  For ce Surgeon General

• l’?ashington , DC 203 14

SUMMARY

The United States Air Force hos the primary mission to maintain its operational
capability and a secondary, but by no means a lesser concern to protect its employees
and local citizens. The greater awareness of the inter—relationship between man
and his environs has caused the Air Force and its surrounding communities to irtegrate
their e f fo r ts  to cope with the problems in today ’s society . The major concepts
considered today are air and water pollution, noise , control , national environmental
policy act, and occupational Safety and health. In addition, there are the obvious
specific industrial arid environmental health problems associated with a i rcraf t  servicing
and maintenan ce, fuel spillage, wash rack eff luent, industrial wastes , drinking wate r ,

and electromagnetic energy.

The overall environmental and occupational health problems and how the United
States Air Force is coping with them is addressed. The numerous laws and the impact
on the daily activit ies of the Air Force are discussed. A lso, it covers the manpower
and organizational structures the Air Force has created and proposes to create in
response to new legislation and policies.

IN TROD U CTION

The impact of current occupational and environmental legislations and their imple-
menting directives is certainly having far—reaching ef fects on the A ir Force . However ,
protection of the work place and the environmental and national defense are nut incom-

— pat ible. At the Air Force Academy , there is a pillar outside the dining hail with
an inscription “Man ’ s flight through life is substained by the power of his knowledge ” .
Sustenance today means riot only conquering space but also sus t a in ing  the l i f e  of
our planet and its peop le. The Air Force is capable of accomp lishing its por tion
of both of these objectives. We can not accomplish the second Objective without
the assistance of our neighbors. only if we can integrate our activit ies w ith our
neighbors through the world can we cope with the problems in today ’ s soc iety .

We are working hard to insure that the Air Force is f i t t i n g  o c c u p a t i o n a l  s a f e t y
and health and environmental quality into our day-to-day business . This is a formidable
task considering the Air Force carries out its job of national defense from almost
200 major air bases and literally thousands of lesser installations scattered on
all parts of the globe .

In my discussion here today , I will address the overall environmental and occupatior-
al health programs as implemented by laws and how they have impacted the daily activities
of the Air Force . There will, be specific emphasis on the Medical Service responsibil-
ities for establishing criteria and standards to insure compliance with applicable
laws and for developing an adequate monitoring program. The other activities in
the Air Force responsible for procuring , building and operating the facilities and
equipment to be in comp liance with the environmental and occupational safety and
health laws and regulations are also discussed . Let ’ s first look at the program
that affect the atmosphere .

ATMOSPHERIC

Congress had not been satisfied with progress in clear.ing up the air since- t is-
f i r st leg islations had been i-assed in 1955. As a r e su l t , they  enacted the 1970
amendr-en ts to the Clean Air Act. These amendments have had the biggest I rr iOc t  and
increased t i c  air pollution pro’jrani efforts . They increased the Air Force e f f o r t s
which sta rte d as a result of the 1963 and 1967 amendments.

1-s a result of the 1970 amendment , nat ionai air quality s tandards were f i s t - u
I c r  six m a j o r  air ~o l lu tan ts  - carbon monoxide , 1-a u t iculates , sulfur c:~~~ ._ s ,
hydrocorbcns, nitrogen oxides , .ar- ci ~hot -c 1 o~ i~~.i ex iaants . Also , major sources of
air pollution hod t. ~ iepaic and follow comi-liance schedules designed to clean uj
particu lar pollution problr’rs.

‘I’c a s s i s t  ~n deterr- in ing thc A i r Force ’s ccn-l-liance , t)a- I nvironmental IIcal t )
Lab oritu nry at ~‘cClellurc .‘I 0 , Ca1 Ft c ia , devel oped air i -o llu tio l sari ling team s which
have ic y- e r  certified i - ~ t Ot  hrivir uc r e t t i  I toF ‘ I ion Agency . In I- rt , their  of  lo r t s
have jdentj I i - d  t i e  n~~~d fror F V l ’ ~ 8 t ‘ F\’ 19 - i for t he Air Forcc- ¶ o e~~~i - c i ( v et
$52 , 000, 000 to c~~n ’ro1 air pcli ut io fl t r - r  itt- I XCd t a c i li t  i t - i -c wc-il d aidc. In FY
777 aid 1)78, i t  is as t it a ted - ‘  A i r I ‘ t Ct- a il l cpu-no an addi I - 2 , , ]  $1 ,000,001). 
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In June 1975, the Secretary of the Air Force established aircraft engine emission
goals for carbon monoxide , hydrocarbon, oxides of nitrogen and smoke. This was done
recognizing the existence of Environmental Protection Agency standards for commercial
aircraft and the essentiality that emission controls applied to Air Force engines
not infringe upon flight safety and combat effectiveness. The goals were established
for turbonfan, turbojet and turboprop engines beginning development after June 1975.

NOISE

Since the early l950s, there have been a number of measures recommended to try
to reduce or control the increased noise levels from industrial plants , ground traffic
and aircraft. However , it took the Noise Control Act of 1972 and the Federal Aviation
Regulation Part 36 as amended to tie together differing viewpoints and lack of agreement
on common goals. We have four areas of particular interest concerning noise abatement
or control. These are (1) ground runup, (2) hear ing conservation, (3) land use planning,
and (4) equipment generating levels.

To address the ground runup problem the Air Force has spent $46 million for the
period FY 1969 through F? 76 to procure and install sound suppressors. The objectives
of the program are :

(1) Protect maintenance personnel performing test and trim operations from
sound intensities of over 135 decibels .

(2) Eliminate the hearing damage risk for personnel without ear protection
working up to eight hours a day at 250 feet or more from the power check pad or jet
engine test stand .

(3) Provide a communication environment inside a frame building with windows
and doors par t ly  open,  equivalent to that normally experienced in shop areas with
moderately noisy machinery or in hangars used for routine aircraft maintenance when
operated at 500 feet from such a building .

(4) Provide sufficient suppression so that essentially no complaints would
be expected from a residential community 2500 feet from the power check pad or jet
engine test stand while making up to five single engine runs per day of more than
five minutes duration between the hours of 0700 and 2200.

(5) Allow continuous around-the—clock operations one mile from a residential
community.

As you can see, this program addresses both the hearing conservation of our
- - personnel arid community relations. The Air Force initiated its comprehensive hearing

ccrservation program in 1956. We have a program of educating personnel about hearing
damage due to noise, insisting on the use of ear protective devices and conducting
about 320 ,000 hearing tests each year to monitor the health of personnel being exposed .

Another aspect of noise control is land use planning. As our nation becomes more
populous and suburban development mushrooms , our air fields are being subjected to
an ever tightening squeeze. In order to protect our air fields, the Departr.ent of
Defense has initiated the Air Installation Compatible Use Zone (AICL-Z) program to
identify and accomplish compatibility with its neighbors . The A ir Force program
should; (1) minimize the impact on all persons and activities , (2) describe and evaluate
the noise and accident potential aspects , (3) provide planning informa tion to civilian
and governmental groups who are concerned with p lann ing  and the environment , and
(4) engage in a cooperative planning process.

An important aspect of land use p lanning is in the modification of operational
procedures . Flight operations of military aircraft are unique . However , the Air
Force plans its flight paths and mission profiles to minimi ze when po s s i l - I c  the e f f -c t
of noise on the populace.

The last area involves designing and procuring equipment that is less noisy .
An example of the Air Force efforts is the requirement to procure and develop transport
aircraft designed to comp ly with Civil Airworthiness Standards. Ihis and other
aircraft noise control and abatement policies are the sub ject of the Secretary of
the Air  Force , 13 Varch 1974, memorandum . This shows the Air Force ce-sire to maintain

~ leadership in protecting the environment and promoting an ertvi rcnrt-ntai policy consistent
with our national security mission .

ENVIRONMENTAL STATEMENTS

It is almost six years since the National I-’nvironnental Policy Act F I J A )  1-ocart-
law. Although the law dealt with ar, issue of great public inte rest , it caused lit tle
fanfare and attracted little attention from Congress and from Federal agencies.
They believed it to be anothor advisory environmental poli cy w i th  few t e t t i

Sequently, we found out how wrong this evaluation was. This law has provoked
l awsu i ts , stopped some Fedral actions comp letely, and delayed ot i e i ~~. rt has required
Federal agencies to be more responsive to environmental considcrat]ons and value s ,
whi ci~ had been toQ f~gq ugnt I’- ~eglegted in gove ’nren~ clecision-m~~k i n u~ . It has dera i de - ci

major  new way of tt i iPking ~no acting by agencies cut the Federal i- ;overnr-cn t . G~ t-c f— 
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ically, it required the Air Force to bring environmental concerns into the beginning
of the decision-making process. Careful documentation of the decision shows our
concern and puts us in good shape to face any court action. Then the real goal of
NEPA , to ensure that consideration of the environment is made without pre-judgement
and with adequate public participation is met.

Since the law was passed , the Air Force has published 27 environmental statements.
They have ranged f r o m the development and procurement of the B-l and F-l5 aircrafts
to the F-is Beddown at Luke and Langley AFBs. Other examples of environmental
statments are on the location of over-the-horizon—radar in Maine and Blair Lakes
Range in Alaska. The average cost of these 27 statements is abou t $120,000 each
and about a year in preparation and filing.

To aid Air Force installations with the preparation of environmental statements ,
the Civil Engineering Center, Tyndall AFB, Florida , was appointed the Air Force manager
of environmental assessment capabilities . They have also been involved with
soclo-economic analyses and land use-studies. The Medical Service Environmental
Health Laboratories at McClellan AFB , California, and Kelly AFB, Texas ,
have had an important role in assisting Air Force installations in considering the
natural environment in the decision-making process.

BASE SUPPORT

In addition at our installations , we find a vast spectrum of activites , products
of modern technology , and processes which impact on the environment — - sanitary and
industrial liquid waste , solid waste , electromagnetic energy , emissions into the
air from petroleum storage and dispensing, and impacts on land use and natural resources
conservation .

Beginning in fiscal year 1965 and carrying through fiscal year 1976, the 1,ir
Force will have spent almost $130 million for new facilities to combat water pcll ution
at its installations . This is in addition to $160 million in abatement facilities
that were already in place in 1965. The work has involved u 1gra Jicy and expans ion
of plant facilities for treating sanitary and industrial 1i~~uii aaste- t- and t e - l O t o c i
improvement of collection systems .

tr:e have been working toward the reduction of waste material. ,‘ ctions i t e l u~~t
-~~ recycling and resource recovery programs at 4 4 %  of cur tat -e s , use plant r f f l~.c t t s

for irrigation , the pulping of paper , as well as a host of controls tu pro’ :e-rt ~ t-trcleun
spillage and to better segregate used oils to enhance t i e~~ ua rkt t alili ’: . 1~~- can
no longer “toss things over the fence ” and be- rid of tf .cr . We must con-
process and its wastes. We can ’t really throw anything away. Wy just changt tH
location of the problem . Our objective is nc waste- io Ju ct s , only Ly -~ roducts which
are utilized in a recycling process.

The latest action involves the Safe Lrinkit ; 2-;,~ ter 1-ct w hich wa s  passe-a 1i~~~
- ’ c r 0 1

1974. Ihe Environmental Protection Agency 1uu L lis i.ed t ie- j r i t . te rj r  p r i r a x ~ - ..ndards
in December 1975 and they become effective in June 197 . i-d sed on our r --l ew ~ f
the standards , we don ’t anticipate any great difficult u ~ro”i ding w a t t i  that is as
good or better than the standards. However , tf.e i n v i t o t r y t t a l !rot ,- :tjc-r . A-4ency
is still attempting to determine whether there is an acie ~~u ate - basis Ic r e s l alli shing
maximum contaminant levels for specific organics or yroul s of cr- ~ati cs . ‘ Oey art
embarking on an intensive research program to answer tt ,e f o l F ai n g  ~ u - ~- t  i c e:

What are the sources , ambient levels of human health e f f e c t s , t re a t n e n t  t echnr- l c y y
and control costs associated with commonly occurring organic c -ici c~.nds in dri - ’ing
water. When this question is answered and the standards li i  l i t - - t i e d, t h e- i c  could fe
a requirement for additional analyses and modificat ioi . of our water su~ p-i t - c . This
could also require DOD research and development t n  cor l 1~ with t i i s  xe -I uit-enu ,t .t .

OCCUPATIONAL SAFETY AND HEALTH

The Air Force has conducted an effective Occupational Safety and Health Pt , Oar
for years . The program has been elevated in importance since the pass aute H
Occupational Safety and Health Act in 1970 and publication of the latest Uxecutive
Order 11807 in September 1974. It has been this Executive Order which has t a d  I t ’
it - pac t  on the Air Force . It furnished guidance to federal agencies on t ie  IrIl l y r e - i t t  ion
n- f effective occupational safety and health programs , provided for the evaluat ion
of federal agency programs by the Department of l abor and for the tran srjtta ] of
these evaluations to the President. It also authorized the Department of l o f t -- i  t u
issue- guidelines to help federal agencies establish and operate their programs .
Title 29 , Code of Federal l egulations , Part 1960 (20 CFR 1960) was published 9 O c t uc L uI
1974 as the guidelines to federal agencies for operating and establishing ti n - j r satet ’1
~n d  occupational health ~rograr :.

‘~hc Occupational Safety and iie-ul t h 1-ct and the Department of Labor guideline- s
2 9 CFR 1960 has irpa cte ri the F i r  S t a f f  in Washington , P.C. In the Surgeon General
Office -, we have spent considerable effort in reviewing almost 100 health standards
proposed by the -e I ar t ru- nt of Labor and Pational Institute for Occupational SOf y t~
and Health . In addition we are presently in t i e -  i ocu-ss ot I rt- i a ri n A ir I o ree  000ul-at  ional
Pa t e - t y  and h ealth (Ai ntili ) Ptanda rds that are c o n s i s t - n t  w i t i .  29 ( 1 - P l t - (  I e y l~I 1e r -.e t i t s .  
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The Air Force Inspection and Safety Center , Norton AFB , Cal i fo rn ia , is preparing
the AFOSH Standards consistent with Occupational Safety and Health Act Safety Standards.
The Surgeon General is preparing AFOSH health standards . Before this program is
completed , there will be several hundred standards published. The Medical Service ’s
first AFOSH standard on the Respiratory Protection Program was submitted to the Department
of Labor and the unions for comments in August 1976. AFOSH standards on Asbestos ,
Viny l Chloride , Industrial Ventilation , General Sanitation , and 14 Carcinogenic  Substances
are being prepared and they should be submitted for review shortly.

The Engineering and Services Directorate is attempting to determine the cost
of modifying Air Force facilities to comply with the published standards. Yet to
be accomplished is a determination of the cost of modifying any equipment that may
have to be changed to comply with the standards . In addition to the direct impact ,
the indirect impact of these standards could be more significant , but it is extremely
difficult to assess. The contractors may raise their prices for goods as a result
of Occupational Safety and Health Act.

Even though the Air Force had an effective Safety and Health program , these new
guidelines have impacts at base level. These include such things as reporting of
occupational illness, surveying all workplace annually, and increased emphasis on
the adequacy of records pertaining to workplace surveillance . However , the new proposed
Department of Labor health standards indicate a much greater impact on our base level
resources. The proposed standards generally increase the complexity of our present
workplace surveillance and monitoring. There will be greater emphasis on documentation
of the surveillance and monitoring. No longer will it suffice to rely upon ones
past experience . We will require to take more samples more often. This will require
additional manpower to comply .

The other aspect which may increase our base workload is involved with diagnosing
and reporting oc~ upational illnesses. Past experience has shown problems with the
physicains diagnosing and relating illness to occupational exposures, administrative
procedures and determining what constitutes a reportable occupat ional  illness - We
are not comfortable with the validity of this reporting . We are convinced that many
occupationally induced illness are not being reported. This will require administrative
changes and greater emphasis by the Medical Service . This problem , however , is not
unique to the Air Force and is an issue that the Department of Labor and National
Institute for Occupational Safety and Health will have to face .

The implementation of the Occupational Safety and Health Act has not proceeded
as far as with the Environmental program. Although the laws were passed in the same
time frame , the implementing Executive Orders for Occupational Safety Health Act
did not impact the Federal Agencies until late 1974. Whereas the Environmental Executive
Orders were ef fect ive in 1970 and 1971 with rewrites being published in 1973 and
1974. In order to make this program work , the Air Force will have to be exponents
of total resources .:anagement and integrate research and fundamental science with
engineering, medicine and planning . We will have to strive for comprehensive
coordination of theoretical and practical know-how . The occupational safety and
health program can only be tackled with a positive state of mind . We all have to
be vitally concerned with the environment of the Air Force workplace. We can not
succumb to human nature and rely on someone else to do the job for us.

ORGAN I ZAT ION

In order to comply with the Environmental and Occupational Health Programs , the
Air Force Medical Service presently has approximately 221 Bioenvironrnental Engineers ,
24 health physicists , and 650 Environmental Health technicains assigned to these
p rograms. In addition , approximately 25 civilian industrial medicine physicians
are in special industrial health facilities and about 250 military physicians spend
significant portions of their time in occupational health .

Due to the increasingly stringent monitoring and engineering control requirement
and the need for additional occupational health examination, the following actions
hcvc been initiated by the Surgeon General:

(1) An Environmental Health Nurse Specialty was created to provide increased
capability for conducting the clinical aspects of the occupational health program .

(2) 116 additional environmental health service personnel have been requested
to provide for increased employee exposure monitoring , more comprehensive survey
documentation and increased exposure data recordkeeping required to maintain consist ency
wi th  Occupational Safety h ealth Act standards.

(3) The consolidation of the three Environmental and Pathological Health
Laboratories into the USAF Occupational and t nvironmcnt al Health laboratory at V-rooks
AFB , Texas, to improve effectiveness and efficiency .

Within the Department c-f Defense , t hey have realigned respons iiili ti&-s and now
t h e r e  is one primary 1 c~ a r t r- e nt f [efense s ta f f responsible both for the envil ‘i r e - n t  al
and occupational heal th and safety prograr . It it; t i t  Del ;t~ A ss ist ant Fecretary
cf [efense for Environment and Safety, ( - 1  fi ce of Issistan t ‘-cretary of F’ tense
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f o r  In s t all a tion and L o g i s t i c s .  The same is true - in the Cfticc of ti .e- Secretary
of the ,‘- i r  I-’orce . “ f.e Special As s i s t ant  ic- i- Ir vir u r c r - : t a l  Quali ty is a lso re - s p~~ns x b 1 c -
fc r both t ie tr ’ : i ronnental and occupational safety and health proyrar .

iti .in the- Ai r Force , Engineering and Service is responsible for pollution aba te-re-n t
and t i e  corpliance with the National Environmental Policy ,‘ct . The tur je-or General
is xcspc ns:bl e for environmental standards and cor p liance roni torny . in regard
tc  t ie  - ocup ational Safety Health .~ct program , the Surye-on General is responsiLle-
fcr the ~-ccupational health program and the I::spe-ctor General  is res pons i b l e  for
t .’ :e occupat~~cr.ci sa fe ty  program in the latest revision of 1-F I t  127—12 .

~~~NcPPSIOI:

I would like to conclude with several obsc-rvatic: .s . Ti c - Air Force ’s p r i r a r y
mission is to f l y airplanes and launch miss i les i n  t L e  defense of our coun tr y ;  but
so are also dedicated to accomplishing this c-it - si c- n without contaminating our envlronri e-r; t
cr caus iny  injury and illness to our personnel . Therefore , we are ha’;lny to ta~ie
a de-e-t- loch a t the problem and allocate funds for environmental protect ion and occupational
s~,f~~tv and healtb in competition w i t h  many o t t e r  critical programs . The - re -  is th
re-n~uirer-e:- t to accomplisi. the job at a lower cos t .  F i r  Force Research and Pe-’ :elcpre: t
ciii provide valuable contributions and should be pursued as a mode- s t  p- r c ;c r a r . i l a t-
is w here changes will have to be made to accomplish the job . However , ti is can only
assist in the solution , remedial proorar-s will leap forward or.ly if they sithstand
t ie  test of social , economic and iclitical realities.

A s  a final note , I feel that we must i lace ourselves in the proper frar i- of mind.
The en’.-ironm ent must be protected and man ’ s workplace has to be safe and healthy .
Ice all have to do something abcut it .

We must  acknowledge that our way of life arid our way of doing business are going
to change .

1)1St- I SSJO\

Purnehl - U K
Does cu r ren t  V S legislation or guide lines give directives regarding audiometry parti—
cular l y the need for i- st-tine s~ rve i11ance.

-tuthii,r\ replt
The curr ent US legislation and guidelines do not di rec t  the use of audiometry in the
surveillance program. However , the proposed rule making being consider ed by the
Department -I Laboi- would mandate r en t c o t -  monitoring audiometry . The Air Force has
had routine monitoring audiometry as part ‘1 ii. s iring conservation pr ng r . i nn  since
‘155 . 
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OCCUP ATI ONAL HAZARDS OF MISSILE OPERATIONS WITH SPECIAL REGARD TO THE HYDRAZINE PROPELLANTS

Kenneth C. Rack , Ph.D. • Vernon L. Carter , Jr. • DVM , and Anthony A. Thomas, M.D.
Toxic h azards Division , 6570th Aerospace Medical Research Laboratory

Wright—Patterson Air Force Base , Ohio 45433 , U.S.A.

S UMMARY

The second generation of ballistic missiles and boosters , characterized by increased range and quick
reaction capability , required the development of new hi gh energy storable propellants. This exp loration
led to the introduction of hydrazine (Hz), monomethylhydrazine (MMH) . and l,l— dimethylhydrazine (UDMH) into
the United States Air Force inventory . These Compounds are all storable , non—c ryogenic , hi gh energy
fuels which may be used alone or in combination as mixed amine fuels. Furthe r , hydrazine and its deriva-
tives are finding increasing commercial app lication as intermediates in the synthesis of other products.
Hence , substantial quantities of these agents are presently manufactured , stored , and shipped in the USA.
The materials are all quite toxic and present a potential hazard for personnel who handle or are in contact
with them under any and all use conditions . In addition , they may pose a hazard to the general population
if accidentally released Into the general environment as a result of missile malfunction or transportation
mishap. Consequently, propellan t toxicology has become one of the major areas for USAF research in toxicol-
ogy. Early work was  designed to produce data on the acute and subacute effects of the propellants In order
that standards could be propagated for test and operational procedures to protect propellant handlers. The
early work indicated that despite similar chemical characteristics there were marked differences between
the compounds in terms of toxicological mechanisms . All of the compounds produce different levels of central
nervous system irritation (convulsions) as well as eye , skin , and resp iratory tract Irritation. The magni-
tude of these effects varies widely among tile three , and two have rather unique actions . Fly drazine can cause
hemolytic effects in man and animals . Experimental studies have indicated that the convulsant action of UDMH
and MMII can be aborted by the use of Vitamin 86 though the agent is ineffective against hydrazine toxicity.
Since the propellants and some systems have been in use for some 15 years . the emphasis on toxicology has
been centered on the more chronic effects . Of further concern is an increasing body of evidence from some
animal experiments that hydrazine and some of its derivatives as well as MMII and UDMU may possess oncogenic
potential as well as chronic systemic effects.

With
the advent of new occupational safety and health standards required for potential carcinogens as advocated
by the Environmental Protection Agency and the Occupational Safety and Health Administration , it has become
mandatory to produce data which can be useful in the evaluation of oncogenic potential for the hydrazines.
This presentation will address itself to data leading up to present standards such as the Threshold Limit
Value , Emergency Tolerance Criteria , Criteria for Short—Term Exposure to the Public , and oncogenic potential
of these hydrazines .

INTRODUCTION

The recent rapid advances in aerospace technology have brought about an increasing ly complex chemical
environment in which man must operate effectively in the research laboratory, in the giant governmental
and industrial field comp lex , and in the relatively new environments of space and deepest oceans. Chem—
ists and materials engineers are spawning new chemicals and new uses for old chemicals at a rate infinite-
ly faster than toxicologists , pharmacologists , and industrial hygiene and Industrial medicine personnel
can cope with the many—faceted problems presented by these compounds. The second generation of ballistic
missiles and boosters , characterized by increased range and quick reaction capability, required the devel-
opment of new high energy storable propellants. The Department of Defense , the National Aeronautics and
Space Administration , and the Federal Aviation Agency, as well as many private and industrial concerns ,
have been instrumental in sponsoring a great deal of research in the areas of propellants , fuels , ox idiz-
ers , and other chesicals of use. Unfortunately, the price for increased energy content has been increased
reactivity and biological activity . Consequently, propellant toxicology has become one of the major areas
for United States Air Force (USAF) research in toxicology . To understand and prop erl y evaluate the health
hazards peculiar to a certain propellant , or indeed any chemical compound , its pharmacological properties
must be investigated , the pathways of metabolism , absorption , distribution , excretion , the type and magni-
tude of pathology established , and diagnostic and therapeutic methodology must be developed. Based on
these parameters , tolerance criteria can be recommended for personnel who handle and are in contact with
these compounds under any and all use conditions .

Another major area of research concerns environmental pollution that results from large scale and
extended propellant and motor test operations . In this instance , other byproducts of propellant usage
become increasingly important. Combustion products , motor exhausts , chemically treated wastes , and r,-ac—
tion products with the environment all possess potential toxic ity to animal and human life , vegetation ,
and soil microflora. The most important implication is pollution of community air and watt- i- around largi-
scale industrial research and development operations. The sources for such pollution arc either acute
(large spills , transportation accidents , waste disposal , test firing of motors) or cumulative (venting
and flare—off of propellant vapors , routine decontamin ation procedures , long term operations). Evaluation
of the environmental pollution profile of a specific propellant operation r’-quire s both controlled exper-
imental laboratory studies and on—site field investigations using mobile anals- t (cal laboratori es .

Two major problem areas are peculiar to aerospace operations. The’ first is th e type of exposure that
is usually encounter t - n i by IJSAF personnel. Contrary to t t i w industrial type of exilOSure dur ing thu produ c-
Ion of propel lants . where daily low level 1rt-qu ~ nt expilsur t occurs and Indus t r ia l Threshold Limit V,i1iit’s

(TLV) are app licabi.- for pr~n ten -t iv. purposes , most of tb ,, 1i”ld o p e r O  tote . . i e  i t .a r a - t e r iz e d  by short
durat tot,, high level Infrequ ent .-xposures t ha t  are  g e n e rat ed  t .v t es t  - ‘ n t lvi ties or by accidental re lease’
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01 propellants. Under the latter circumstances , TLV ’ s are meaningless and become extremely difficult to
live with . In the past few years , much research, effort has been expended in characterizing tolerance to
high level , short duration exposure , and in establishing Emergency Exposure Limits (EEL) for missile
operators .

The establishment of scientifically valid and safe EEL ’s requires extensive animal experimentation ,
highly specialized inhalation facilities , and the application of psycho pha rmacological p r inciples in addi-
tion to the classical pharmacological and toxicological methods. The philosophy of emergency exposure is
predicated on three cardinal assumptions : (a) nobody will be intentionally exposed to high concentrations
of propellant vapors under or dinary circumstances; (b) if exposed , subjective and objective symptomatology
may occur but pathology should be reversible; and (c) while discomfort and pathology ar e tolerable , per-
formance of the operator must not be impaired. On the basis of animal and any human exposure data avail—
able , EEL’ s are recommended by either the American Conference of Governmental Industrial Hygienists or by
the Committee on Toxicology, National Research Council of the National Academy of Sciences.

Of course, in the establishment of the TLV or EEL increasing emphasis has been placed on the possibility
that a compound may possess teratogenic , mutagenic or oncogenic potential. A large amount of very expensive
and time consuming effort is being expended in this regard .

Inasmuch as the literature is quite voluminous -concerning the toxicology and pharmacology of the pro-
pellant hydrazines , th is paper will deal only wi th pertinent information published since 1970. For details
of earlier data one is referred to two comprehensive review articles.1 ’2 The most recent review of health
haz ards f r om hydrazine (Hz), monomethylhy draz ine (MMII) , and l,l—dlmethylh ydraz ine ( UDMU) was accomplished
by the Committee on Toxicology , National Research Council of the National Academy of Sciences and published
in June l974.~ We are in Complete agreement with the findings and interpretations in this document which
very adeq uately covered animal toxicity data; absorption , distribution , and excretion; effects on metabo-
lism and enzymes; target organ effects and tissue pathology ; carcinogenicity and mutagenicity ; human health
effects and therapy of intoxication. The document also contains an extensive and excellent list of refer-
ences from the United States and world scientific literature .

NEW DEVELOPMENTS IN THE TOXICOLOGY OF THE }IYDRAZINES

The most significant impact of the recently completed and currently on—going research is in the area of
safety margin for Threshold Limit Values (TLV) and oncogenic potential of the three hydrazine propellants:

a. The safety margin for the hydrazine TLV was tested by inhalation exposures in animals and was found
nonexistent.1’’5 As a resul t, the TLV committee has already tentatively lowered the hydraz ine TLV from
1.0 ppm to 0.1 ppm in the 1975 pamphlet under “Notice of Intended Changes. Although our referenced ex-
periments were not designed as oncogenic studies , mice kept for one year postexposure observation have
shown a dose dependent increase in alveolargenic carcinomas when compared to controls. This finding coup led
with other reports from the literature (feeding studies) has also p laced hydraz ine on the A2 list of
“Occupational Substances Suspect of Oncogenic Potential for Workers.”6

b. UDMII has also been implicated to be tumorigenic by oral administration (in drinking water) in the
mouse7’8 but not In the rat9 and no long—term inhalation exposure studies were done .

C. MMII has been similarly implicated to be tumorigenic in the hamster 8’10 when in~ested in drinking
water; however, a recently completed similar study using hamsters in our laboratories 1

~ failed to confirm
the high incidence (43%) of Kupffer cell sarcomas observed by Toth.

d . There are no knOwn cancer cases among hydraz ine , MMII and IJDMH propellant manufacturing and handling
personnel as of today.

Because ot Ihe demonstrated oncogenic potential of all three hydrazine propellants in either the mouse
or the hamster (but not in the rat) by the oral route in studies comp leted elsewhere , our observations on
hydrazine exposed mice by the inhalatory route , and the recommendation of the Committee on Toxicology ,
National Research Counci l of the National Academy of Sciences report 3 that “addi tional research on the
potentia l carcinogenicity of these compounds sho uld be conducted , ” definit ive oncogenic dose—response
studies have been initiated in our inhalation exposure facilities , using large numbers of mice , rats , and
hamsters and a limited number of dogs (as biochemical indicators). The UOMH exposures have been completed ,
hydrazine is currentl y being studied and plans are in formulation for MMII exposures.

A. E f f ec t s  on Animals

1. Acute Toxicity

Hydrazine (Hz), Monome thyih ydrazine (MMII) , and Unsymmetrical Dimethylhydrazine (UDMII)

Da rme r and MacEwen exposed dogs , monkeys , and rats by inhalation to 1 ppm MMII for twenty—four hours.’2
No adverse e f f e c t s  were observed during the exposure , in t he clinical chemistries obtained biweekly during
the th irty—day postexposure period , nor in his t o ps th ol o g ica l examination of the animals thirty days p o et—
exposure .

In preparation for the use of hamsters as one of the test species in oncogenic studies of the pro-
pellant liz , inhalat ion studies were performed to determine the acute lethality to this species. The one—
hour LC So ’ s for MMI I , UDMH and Hr were 991 ppm , 22 7 1 ppm and 25 85 ppm , respectivel y (MacEw en and Vernot ,
1’ b7 ~ ).’~ All three- compounds caused severe re’spirt t orv irritation and central nervous system effects.
i :onvu lsl o ns were produced a f t e r  exposure to MMII and IIDMH bitt not following exposure to Hz vapors. However,
exposure to liz vapors , regardless of concent ra t ion , res ulted in se v , r, ’ hair loss to hamsters. A l l three
compounds cause significant 1un ,~, liver , and kidney damage , even at the lowest levels tested in this study.
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These results indicate that although the hamster is less susceptible than th e rat or the mouse , it reacts
to toxic levels of these three compounds in a similar manner to that reported for other species.

2. Repeated Dose Toxicity

a. Mononiethylhydraz ine (MMH)

In an effort to determine a true no—effect level for chronic exposure to MMII, Darmer and MacEven
conducted continuous 90—day inhalation studies on dogs , monkey s, and ratsi~l At 0.1 ppm rat growth rates
were significantly reduced although organ weigh ts and organ to body we ight ratios were not significantly
altered. The dogs demonstrated significant increases in serum phosphor us and alkaline phosphatase valuea
at this exposure level and were the only species to demonstrate gross pathologic changes characterized by
nutmeg appearing livers . No adverse effects attributable to exposure were seen in the 0.04 ppm exposed
animals. This study complemented a previous stud y by Haun (1970) where dose related toxic responses were
obse rved In do gs , monkeys , ra ts , and mice exposed to 2 and 5 ppm MMII intermittentl y for six months .11’

b . Hyd razl ne (Hz)

Results of six—month intermittent and continuous Hz inhalation exposures to mice , ra t s , dogs ,
and monkeys were reported by Ha un and Ki nkead 1’ and MacEven et al. 5 The doses selected for the intermittent
(industrial regimen) study were 5 ppm and 1 ppm , the latter being the current TLV at that time. Doses for
continuous exposure were 1.0 ppm and 0.2 ppm which approximately equalled the CT (concentration X time)
values for the intermittent study. The hepatotoxic response in mice and the weight loss and anemia seen
in the dogs resulting from exposure to the lower doses indicated that the 1.0 ppm TLV may be too hi gh. A
small group of mice was held for one year postexposure observation. Althoug h the small number of animals
prec luded any statistical evaluation , the increased dose related incidence of alveolargenic carcinomas
occurring in these mice suggested an oncogenic problem may be associated with chronic inhalation exposures
to this compound. 5

3. Effects on Metabolism and Enzymes

Hydrazine (liz), Monomethylhydrazine (Mliii) , and Unsynunetrical Dimeth ylhy d raz ine (UD MH)

Dost using radioresp irometric techniques reported that subacute exposure to MMII causes a hyper-
glycemic response in intact animals which results from an interference with glycolysis in the hexose phase
of anaerobic glycolysis. Glucokinase , hexokinase , and py ruvate kinase are all inhibited by MMII but the
major inhibitory effect appears to be the phosphofructokinase step . Conversely, Cz prod uces a hypoglycemic
response and Dost reported that the probable site of action occurs after pyruvate decarboxy la tion wi th an
interference in the flux of the acetate fragment into fatty acid synthesis and eventual oxidation. Dost
also conf irms the inhibition of glycogen synthesis by hy drazine and indicates that the site of interference
occurs after glucose—6—phosphate formation.15

These effects of MMII and Hz on glucose metabolism appear dose and time related ; these studies rep-
resent high doses, 0.5—1.0 acute LD50 given over periods of several hours to healthy normal animals. The
effects were not observed at lower doses although the changes in glycolysis were evident when only part of
the total dose was received.

Dost also reported MMII and Hz cause a decrease in mettiy lamine and putrescine oxidation confirming
previous work. MMII was more effective than Hz and meth ylamine oxidation was more sensitive to the inhibi-
tion by the liz than putrescine .

Prough , Wittkop, and Reed (1969, 1970) 16 ,17 ,18 reported the presence of microsomal enzyme systems in
rat liver capable of metabolizing MMII and UDMH. Two modes of metabolism were noted: an alky lh ydrazine
oxidase converting alkylb ydrazines to corresponding alkanes and a N—m cth ylh ydrazine demeth ylase producing
formaldehyde from the n—methyl group . These two systems were found , s ing ly or both , in vary ing degrees of
ac t iv i ty  in several animal species. Studies were  done to determine t t , t  relationshi p of these enzyme sys-
tems to microsomal redox components cytochrome b5 and P450. The oxidase activity is not dependent on P450
and cannot be induced by phenobarbital or 3—settnvlcholant hre, i t -  - However , there appear to he two demet tiyl—
aso enzyme systems present In rat l iver microsomes , one inducii ,lt- and dependent on Y i n  and one not , both
capable of demethy lating N—meth y lh ydrazin -s . Kato e t  al (1969) also reported MMII and UDMiI can inhibit
activit y of drug metabolizing enzymes in liver microsomi-s and suggested thi, -ir effectiveness of inhibit (on
is r ,- lated to the degree of lip id solubility of the individual hydrazines .19 Roberge st al (1171) hov e-Li-
gated the effect of Hz on urea cvc lc-  enzymes in vitro and in vivo . nn r n itt ,jne ketoacid transannlnase s-ne

Inhibited provoking accumulation of ornitt ,in,- . The hi gh concentrat ion of ornith ine and increase d wnnnnn ~n, ba
production stimulates urea synthesi s . The condensation reaction of cltrull ine and aspartic acid Is rate—
limiting for the urea cycle with resultant accumulation of (itru l linc , 0

Hawks et al (1974) reported no inhibition of incorporat ion of amino acids Into rat liver prot ein h’-
t’D~-tU or ~ithl . -

00sf at al (1911) reported liz causes a two— fold incre ,s n- in r i m  Camma minobut\ ’ ric Acid (GA BA)
is the inhibit ion of GA NA tran-namina s,- was higher than the  i n t , - r fe re - n i c , - In GA BA formation by d e-ci r boxyla—
ion of glut asic acid. MMII il -no -n t ronglv inhibits GARA transam ina-~e wi n , - r  n - t n ~ UlOlli ha s  on ly  a yn ,! rate

inhib it n i r y  ef f , - c  t ,22

L 

4. Turnorie’c-ru-sis

Monome t ty ihyd r ~.‘ ne (MMII)

MacEwen and Vernot ( 1975)  ,t  t .-mp t.-d to conf h m i  the oncogenhn p - ‘ i t  ial of MMII I n’  hamst -m s when
1mb nIstered in drinking water - Th irty h~ mst c i - - - i- cc , -  I vt’d O. Ol~ ‘f ‘~‘iin in drinking W l i  or m l  usted to p h i
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3.5 with HC1; 30 hamsters received 0.01% MMII in drinking water not pH controlled; 17 hamsters served as
controls . The study was conducted for the life span of the hamsters beginning at 5 months of age. No
significant increase in tumor incidence attributable to the MMII could be determined .11

S. Mutagenesis

Ily drazine ~Uz ) ,  Monomethylhydrazine (MMII), and Unsymmetrical Dimethyihydrazine (UDMII)

Wyrobek and London (1973) utilizing an in vivo mammalian test system involving examination of
murine spermatogenesis evaluated time mutagenic potential of Hz, MI-Ill , and UDMH. Groups of mice received
doses of each compound ranging from 0.1—0.9 of the LD 50 for five days. They established both a dose and
a dose—time relationship between injection of these compounds and the appearance of abnormal sperm .23

6. Effects on Behavior

Monomethylhydrazine (MI-rn) -

Sterman (1975) conducted studies on the behavioral effects of MMII in the cat. 24 The in f l uence of
subconvuisive exposure was examined with reference to a more basic aspect of physiological function than
previous sensorimotor and performance studies , namely the organization of sleep—waking patterns. Poly—
graphic recordings providing for classification of states of sleep and wakefulness were obtained over a
10—hour period following either saline or MMII (5 mg/kg, IP) injections. MMII caused no overt behavioral
disruption on transient observation at this dose ; however , analy sis of polygraphic data disclosed a sig-
nificant depression of sleep and disruption of normal diurnal rhythms . Sleep suppression lasted approxi-
mately six hours and was followed by a profound sleep rebound. The behavioral effects of MMII exposure
extended beyond the realm of senaorimotor functions . The influence noted upon sleep could have equally
serious and different consequences in performance. The effect of MMII upon thalamocortical conduction was
also examined. Cats were operantly trained to suppress movement by rewarding a sensorimotor EEC rhythm
(the SMR) with positive hypothalamic brain stimulation. Other cats received similar , but non—contingent ,
reward. Following training, the two groups were administered MMII (10 mg/kg, IP) and thalamically induced
soma tosensory evoked potential responses measured until seizures occurred. The non—contingent group
showed an expected increment in response prior to seizures , while the SMR—trained cats showed a decrement
or reduced increment. Sterman at al (1975) investigated the influence of intracranial electrode placement
upon the seizure response to 1.1MM.25 Efforts were also made to replicate previous findings with regard to
the effects of EEG operant conditioning on this response. Thirty cats were studied, 10 in each of three
different experimental groups , all of which were exposed to 10 mg/kg doses of intraperitoneally administered
MMII. The dependent variable was latency in minutes to generalized motor seizures . The three experimental
groups were: (1) an unoperated group , (2) an operated group with cortical and subcortical electrodes ,
and (3) an operated group as in (2), but provided additionally with sensorimotor rhythm (SMR) EEC operant
conditioning. The operated group without EEC conditioning showed a significantly reduced and more stable
latency to seizures when compared to the other two groups. These findings suggested that (1) some aspect
of the procedure associated with central nervous system electrode implantation increased susceptibility to
MMH—induced seizures , (2) unoperated animals had individual differences in seizure susceptibility, but were
significantly more resistant to MMH toxicity than operated animals , and (3) SMR—trained operated animals
had individual differences in response to training, but were also more resistant to MMII toxicity.

B. Effects on Humans

Monomethylhydrazine (MMH )

The hemolytic response observed in dogs and the documented Heinz body formation in humans following
acute 1ffIH exposure led Weinstein and George (1972)26 and George (1913) 27 to study the in vitro response of
human red blood cells to MMII. These initial studies led to a preliminary conclusion that the hemolytic
effec t of MMII observed in vivo is caused either by a direct action of this oxidant on cell membrane which
is not obvious on fixed morphological observation or by the effect of Heinz bodies on cellular integrity
leading to a decreased cellular “deformability” and premature removal of the injured cells from the circula-
tion by the spleen , or both . Later studies by George (1974) designed to measure direct effects of MMII on
compartments of cell membranes , po tass ium f l ux , autoxidation of membrane lipids and alteration of membrane
protein gave additional support to the thesis that the major mechanism of red cell destruction following
exposure to MMII appears to be the phys ical p resenc e of Heinz bodies in the red cell resul ting in a decreased
deforinability of the cell and accelerated sequestration and destruction by the spleen .28 Studies also
indicated that any enzyme deficiencies such as lack of glucose—6—p hospha te dehydrogena se , 6—phosph ogluconic
dehydrogenase , or glutathione reductase (which affects 2—10 percent of black males and 0.3 percent white
males) would exaggerate hemolysis and prevent reversal of the response . Personnel with this sort of genet-
ic red cell disease should not be exposed to MMII even though minimal. Weinstein et al (1975) compared
morphologically the Heinz bodies formed by MMII and acety lphenylhydrazine (APH) and studied the relationshi p
between these Heinz bodies and red blood cell deformability. Unlike APH—induced Heinz bodies , MI-ni-induced
Heinz bodies show little affinity for the cell membrane and are free of the membrane when decreases in
deforniabi lity are first detected. These results show that alterations in red cell deformability with
oxidative injury may be unrelated to Heinz body—cell membrane interactions. Ultrastructural observations
suggest that denatured hemoglobin diffusely distributed in the cytop lasm may polymerize into a loose n e t —
work and account for the al tered rheological properties of MMH—injured red cells.29

C. - 
F:ffect~ on Non-mammalian Life Forms : Environmental Degradation and Effects on Aquatic Life

Aeroz ine 50 (50/50 mixture of Hz and Ul)MH) (Az—SO), Hydr az ine  (l iz ) ,  Monomethivlhydrszine- ( MMII) ,  and
Unsymm etrical Dtmethy lh ydrazine (UDMII )

Hoover et al (196 4) related aquatic decomposition rates of Hz and IJh )MiI to t h e  I n T m S e n c e  of oxygen , the
presence of a ca ta lys t  such as copper , water temperature , and water phi. These s tud ies were expande d by
Gomniley and Ford (197 3) to include MIIl4. Based upon a stoichiometric relationship betwee n the amount of
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propellant degraded and the amount of dissolved oxygen (D.O.) in th e water . first order rate constants
were developed for copper catal yzed degradation of these propellants. ~ 

- Lurker (14/h) has used similar
:ns thodology to stud y in more detail the e - f f e n t  of other ions present in water and to better define tine
effect if temperature on degradation rates. Slonim (1975) studied time effects of Ii.’, UDMH , A z - 5 n J , and
MMH when placed in hard and soft water over a 96—hour period. At 100 mg/lit er but not at 1 mg/l m t n- r , the-
hydrazines produced a transitory drop in time 13.0. of hard water. The effects were not seen in soft wato-r. ‘~~
Slonim and Gisclard (1975) also developed a rapid and sensitiv e- polarographic method for measuring Hz in
solution. The method was used to study the stability or degradation of Hz over a 96—hour per iod in r iver ,
lake , pond , county, c i ty ,  and laboratory water. \‘a rv ing  amounts of degradation of Hz wore observed in
many of timese waters. Hz was relativel y stable in soft water and softened cit y water .~~

Heck at al (1962) exposed goldfish , daphnia . and dragonfl y nymp hs to Hz and UDMH during static , Un-
replenished bioassays. The 48—hour Hz LC5O values were 3.2 , 2.4, and 120 mg/liter , re spect iv e -Ic Natural
pond water was the dilution water used. The UDMII was found to be about 1/10 as tox ic since it produced
48—hour LC5O values of 32 mg/liter for tile goldfish and 24 mg/lit er for the daphnia . - - - h e ck et al (l9c3)
in similar static bioassays extended their studies to include goldfish , green sunfish , small bluegill ,
large bluegill , channel catfish , and largemouth bass using dilution lat e r containing 0.15 mg/liter copper.
The 48—hour LC5Q for Hz varied from a low of 1.6 mg/liter in the catfish to a high of 5.2 mg/liter in the
large bluegill. The 48—hour LC50’s for UDMH were much higher , ranging from 16.5 mg/liter for small blueg ill
to 58 mg/liter in goldfish. 36

Hoover at al (1964) performed static bioassays using goldfish , catfish , bass , and daphnia to study time
toxicity of Hz and UDMH in “copper free ” (<.01 mg/liter Cu r-’) water His results were not significantl y
different from those produced by the low copper concentrations in Heck’s dilution water.

Heinemann and Rose (1966) conducted bioassays using two marine species to determine the toxicity of
Az—SO. The 72—hour LC50 for sheepshead minnows was 5.1 mg/liter. For grass shrimp the 72-hour LC 50 n-as
0. 78 mg/liter. 37

Slonim (19 76) compared the toxicit ies of Hz , UDMH , MMII and Az—50 to guppies in h ard and sof t  wa te r .
With the exception of UDMII, all were more toxic in soft t iman in hard s-ater. The LC50 values ranged franc
0.6 mg/liter for Hz in soft water to 26.5 mg/liter for UD1-IH in soft water. 8

Greenhouse (19 76) studied the e f fec ts  of Hz , MI-il-i, and IIDMH on amphibian embryos and larvae. He used
the South African clawed toad , X~nopunS £ae9L4 . Hz was not ac ut ely toxic to post—hatching larvae in
concentrations up to 400 mg/liter. However , Hz is teratogenic at 40 mg/liter if exposure occurs prior to
the completion of neurulation. UDMH at 10 mg/liter was teratogenic to all embryonic stages whereas 100
mg/liter was lethal. ~

The effect of these propellants has also been studied in aquatic plants. Heck et al (1963) g r e w
C; ILO’t n t t 1  in varying concentrations of Hz and UDMH to observe time e f f e c t s  on growth. Concentrations of
1, 10, and 100 mg/l i ter were compared w i t h  time controls. All concentrations of Hz had an inhibitory of t e n t
with the 100 mg/liter concentration producing a comp lete cessation of growth. The 1 and 10 mg/l i ter
concentrations of IJDMII had little effect while the 100 mg/liter produced some inhibition .- ’ Sherfi g c- i -  al
(1976) studied t he  e f f e c t s  of Hz and UDMH on time growth of Sn t mtn t l  Pen n nn t ~°ti Cn ~ne n t n ” . Hz in con cc-nnt  ra t ions
of 10 91/liter produced an algal cell volume growth of only 14 percent of time control growth.  I DMIl mt

10 91/liter reduced the growth of algae to about one—ima if of time growth of the controls , in contrast , t i n e
addition of low levels of UD1-SI (1 -A / l i t e r )  resul ted in an increase in algal growth which was probabl y t ime~
result of a nutrient effect. Hz appears to be much more toxic by inimibiting growth of the test ilc ac- than
UDMII. ~~

D. A 6—Month Chronic Oncogenic Study of l,l- -Dimethylhvdraz ine (UDMH) . Status Report .

Reported here are the results of comp leted 6—month exposures of animals to 5 ppm, 0.5 ppm , and 0.05 ‘p-
UDMH and non—treated controls .

Animals used in t h i s  study consisted of 400 female C57 black mice obtained from Jackson La horm t , ’r i n -x ,
200 male CDF (Fischer 344 derived) albino rats from Cimar les River , 200 male Eng in- Golden Syrian - - m e - - I  e r- ,
and beag le dogs , 4 male and 4 female per group. A senarate-  set of contro l  animals was prov ided for the-
0.05 ppm test since it was not started at time same tine as S ppm and 0.5 ppm e x p e r i m e n t s .  Two c hn . m n chn - r s  w~- re
used for each UD M I I  air concentration. Each pair of chambers contained as few ape -c m - s as poss ible t n  c l i i i —
size r isk  of cross infect ion.  Dogs and mats were- housed in one dome and nn i c r -  and m n - n n - t e r s  in time c n n n - .n i n m nn ion

- - m a c n bc - r. All control an h a  ln were maintained in animal imold ing I n n  iii t i n - s .

The Thomas Domes in the Toxic llazards R, -sn - arch In it (1111(1 ) were ope- r n m t e -d w i t h  nominal m i t  I I n n - n  of 35 CFM
a t  a s l ight ly reduced n r n- -ns ur n- of 725 nun Hg to prevent l a I n - ,- of i n y hi in to tin - h a bor nmtn n rv. I xpi nxiat -s
wi -re - n oriduc t,-d on a In i non ir/d ay , 5 day/week sch edule. No expon u worn - n n id, - ot n n- k, - n n n l,- and i n ’ 1  j nl mv - -

The n .n a t r n 1 of n nt e’r mt i, m l carci nì n ’ nn n - ns in ca n n n r  r n i - i n  ln t - n - n n i  n n , j n -s  Is o  ascOt ml I n c  the p t , , n n l  ion n h

occupationally acqui re d  cane ,-  r and b r  t n ,~ pmot , - t ton of time ge-ni - r u  cxiv i r u n e -n i l  front n -x p o. nu mr e - In n n i  e-t i t is!
- t ncn -r induc m m  mat ,-r lals Since tim e c c n mi -n , - n 1 nm e nc, - - ~ n - i  i n n  r n i  i rs  1’os ,n r ,-- ~ I n  ,- x p e r i n n n c -nr t ml cn mr c inc’g,-mm,- . m s
nS ’ t  he demo ns t r mt , - - I  for  mans- s ara , p m - c e  nnt i n  nn, - m n m r , -s , N.m m m i m i !  nrc r In- -i l In t , c u t - t v  n ,n n i d , - l i ni -s wer,-
fo l lowed in i - In ,- conduct  of this nt ~n~iv - To i n n s  nd then , -np -c u - n - - i n n  r end , n - - r n -  p - l i d in  t i n , - m m i i i  l ia rs
and w a rtmin g 5 1 0 1 1 - - w a r -  p l m  c - I  at all - mcc , as Jn ,n,r,n . Tim , expn ’-n 1m r~ l a b o r i t n n r v w i — n - I  I l im i ts  t en  via t n r - - and
s t ,t f  personnel not nn t n n - u l l I  h m i s o l ’ ’ ,- d i n  t i n - conduc t ot  t in-  s t m m n i v  l i n e  t m - k s  of t t n , -  I, - Imnic ia r is  i ,n~- n- i i- ,- J
- i i i  i C ’S  Into 0, - chambers f n’ l low i r rg  i n n - oinp i - t  Ion nib t i n , - diii iv ,-x pn ’n nn mm n- — . rn t n - n t  i s , ’ c l n n t h m i m i g  n U n- - r n -

n m ns-e ral l-n , hoods , i I n n v o s , mn,i n one I cov, - r- - - u\l I ~‘f thi s ~rqu ipm ~-In t i - n cli s p nn s m i n l ~ ‘ .- m l n n - r  n m  p I t  ~~ and n,,ms
disc m r n i , -d diii lv in sealed p l a s t i c  bags. A i r  ir1n1’ ! b e d  f u l l  t m , - masks en - re n m - n il ba r  - sp i  n i i tn’ rv p ro t e c t  ion .
A l l  t e c i i n i c l - m n n - n  showered a f t ’ - r  t I n , -  last Un, x- n - : n t ,  -.- - A n o i n t  iou  rn, - n m - n i m n  n t  s - - m dc by I n n ,  hURl l I me- mt  n t  rv
Dc-; - n e - c - n i t  n r n nv i d e d  nmssmlran c , - t i mt ‘ O u t n n n n n n -  n i - c i t  Im ’ rms un m , - ,-’- t m m clv b u n  r ii ’ nn ,- xl- - I n - n i l  in i - m e  UIi’tli c,-nn, -r a—

ion hoods , in the l m t n n n r m t n n r v  -epa a d l n m -  - n t  to  tine c lm m n - n I ’ - r - - , lfln l Inn t hi, e f f l u , - t m t  ai r  and v ,cnnun,n nix ;- n i t  n
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The chamber concentrations of UDMH were generated and continuousl y monitored with apparatus and instru-
mentation essentially the same as used for chronic imydrazine and MMII studies in the past. Details nn av be
found in previous reports (Haun , 1970; MacEwen et al , l974) .m t

~,5

All test animals were observed hourly during exposure and non—exposure periods for signs of 110MM intox-
ication and mortali ty. Gross and histopatimolog ic examination was made on all dead animals. Rats , imamnsters ,
and dogs were weighed Individually at biweekly intervals during exposure and monthl y during the postexposure
period . Mice were weighed in groups and group mean weights followed on a monthly basis throughout the ax—
perimental period. Blood samples were drawn from dogs at biweekly intervals and clinical determinations
made for the followIng batte ry of tests:

RBC Sodium Differential Cell Count Albumin
WBC Potassium Total Protein Globulin
UCT Calcium Alkaline Phosphatase SGPT
HGB Glucose

Blood measurements not included in regular biweekly schedule during the exposure phase of the stud y but
made at time conclusion of time 5 ppm, 0.5 ppm , and 0.0 5 ppm experiments were :

Blood urea nitrogen SGOT
Chloride Prothrottmbin time
Cholesterol Cephalin flocculation
Creatinine Bromsul phalein

nit t h e s e -  • tests giving abnormal values were scheduled to be repeated postexposure at regular intervals
untIl recovers- . To examine for possible hemolytic effects in rodents , blood samples for hematocrit and red
blood cell counts wore taken from S rats and 5 hamsters from each group at the conclusion of the exposures. —
Blood was wit lmdrawn using a nondestructive suborbital tec bmnl que . No alterations attr ibutable to exposure
were noted in these determinations.

Overt signs of UDMII toxicity were nonexistent in animals exposed for 6 months to 5 ppm and 0.5 ppm UDMU .
Growth curves for both groups of dogs and mice were normal when co~ pared to those of the control groups.
In tire case of the rats , however, statisticall y significant lower vTenighit—gain rates were noted for botin
exposed groups throughout the 6 months of exposure. Hamster weigl n t s were somewhat erratic and showed no
weight gain when mean weig hts at exposure conclusion were compared with initial weights . Their mean weights
with one exception (the 5 ppm exposed group at 4 weeks of exposure) were significantly lower than cont ro l
during the entire exposure period. Effects on weight of exposed rats or hannstcrs were not dose dependent.

The numbers of animals that died during the 6 months of exposures are shown below.

MORTALITY RATIOS IN CONTROL AND UDMH EXPOSED AN IMALS

i-~~per mental Group Dogs Rats Mice Hamsters

Control 0/8 52/200 31/400 103/200
(1.5 ppm 0/8 3/200 19/400 97/200
5 ppm 0/8 3/200 24/400 

— 

84/200

0.05 ppm 0/8 2/198 19/396 25/189
Control* 0/8 2/200 28/371 6/200

*Extra control group needed due to delayed start of 0.05 ppm experiments.

The mortalIt y figures for both exposed and control h amsters can be misleading , in no case was death
at t r ihute d to UDMII exposure. Early deaths were due to pneumonia , and part icularly injuries from manipula-
ti on of cage catch pans during cleaning operations earls- in tire study . This problem wms eliminated by

re-location of the hmannste -m cages where catcin pans were not requimn ,d . Later deaths were due to normal aging
processes. Death in groups of exposed and control mice were app roximnm telv the same ; th e r e f o re , no toxico—
log ical significance is attached to mortality itm exposed mice. TIme high mort ality rate- in time control
rats nn ms due to a pneumonia epizootic which occurred soon after exposure termination. I -

-

Results ~‘f clinical ch emistry t n- -e t a  made on dogs biwm- n-kl y during and following exposure were all norma l
except for serum glutamic pY ruvlc transaminas,- (SGPT) values shown below , It can he su~en that SGPT values
were significantl y elevatn -d in dogs exposed to 5.0 ppm UDMhi after tire f i rst  biwe~-k ly aannp lmmig period . A
sharp reduct ion , approximate Is- 5O~ , occurred at 2 and 4 weeks postexposure . Recovery was conip l , - te by 6

mont hs poimtexpoaure . 
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~lEAN SGPT VALUES t FOR GROUPS OF 8 BEAGLE DOGS EXPOSED FOR 6 MONTHS TO UDMH

Weeks of Ex29sure control 0.5 ppm 5_E~~

2 25.8 35 3* 32.4
4 26.8 34,5* 78.6**
6 26.9 32.8 1O2.4**
8 24.5 37.0* 1l8.O**

10 26. 4 32.O** 1l8.0**
12 30.8 33,3 l15.5**
16 22.0 33.4** 87.8**
18 22.8 26.6* 1O6.5**
20 22.5 25.6 99.3**
22 19.8 28.1** 97.O**
24 21.5 31.0* 100.3**
26 24.5 26.5 86.3**

Weeks Postexposure

2 22.1 24. 5 36.6**
4 22 .5 27.6* 41.6*
26 33.0 36.3 30.1

1- International Units.
* Significant at the 0.05 level.

** Significan t at the 0.01 level.

Special liver function tests were performed on dogs at exposure termination. Prothrombin time and
cephalin flocculation values were normal but bromsulphaleln (B SP) measured in b lood of the 5 ppm exposed
dogs 10 minutes following 10 mg/kilo injection showed significant retention. This test was repeated at
4 weeks postexposure with similar results. However , BSP values all returned to normal 9 months postexposure.
All BSP values are shown below.

MEAN BROMSULPHALEIN RETENTION VALUES* IN CONTROL AND UDMH EXPOSED DOGS

Time Control 0.5 ppm

Exposure Termination (26 Weeks) 18.1 18.5 30.3**
Post Exposure (4 Weeks) 20.7 16.8 29.5**
Post Exposure (9 Months) 11.4 —— 12.3

* Percent retention .

** Significantly higher than controls at the 0.05 level.
Ilepatotoxicity as measured by SGPT serum levels has not been demonstrated In the 0.05 ppm dog exposure

group. All clinical measurements are normal and show no trends to adverse effect. Mean body weights of
dogs and mice are comparable with controls while weights of rats and hamsters are approximately 3% less
than their control groups. These differences are statistically but not biologically significant.

The des ired da ily UDMH concentration levels of S ppm , 0.5 ppm , and 0.05 ppm were maintained with good
precision during the entire six months of the study .

i
n Since a si gnificant number of hamsters have died in both experimental and control groups , livers for the

5 ppm exposure group and their controls were examined for evidence of liver damage. The following Is the
preliminary histopathological report.

Common findings routinel y seen in the liver of normal adult to aged hamsters are: (1) biliary cysts,
(2) po rta l f i b r o s i s  — often seen in association with chronic triaditis and anmyloid deposition , and
(3) cholangial fibrosis and scarring seen in association with ruptured biliary cysts.

The predominant liver lesions seen in hamsters exposed to 5.0 ppm UDMH is triaditis , which is chronic
and mild to moderate in severity , with 68% animals a f fec ted  and biliary cys ts  w i th  36% of the animals
a f f e c t e d  (N — 44). These same lesions occurred in hamsters exposed to 0.5  ppm UDMH. Triaditis occurred in
73% of the hamsters . Biliary cysts occurred in 17% (N 41). Hamster controls to these experiments had
similar lesions in the liver. Triaditis occurred in 88% of control animals , and biliary cysts were seen
In 24 of control anImals (N = 33) .

The liver lesions seen in the -m nimals that have died prematurely on tim e - se- experiments are consistent
with those seen in adem lt hamst er-n . The predominan t cause of death in both experimental and control animals
is kidney dysfunction due to renal glome mnl nmr amvioidosis. This is a common cause of death in adult to aged
hamst ers . There has been no disproportional death  loss in any if  I t s - s e -  g re ne m ps.

Significant e n x p n n s u m n -  n - h  t n - c t - n  of 1 10111 n~- e m n -  l imi ted t i ’  n i h  n - N t  in’  m m n n t e r , i t , -  he’patotoxicity in dogs exposed
to the 5 ppm conc e n t ra t Ion  - n- i t t ,  recovery I m o n t hs  po s tnxp oa i , r e .  No toxic e l i - c I a  have been observed in the
6 month, 0.5  ppm n’r 0.0’ ppm n-x p n n - n i - d  min i r- ,i 1- - - On time b ,m-m i n i t  m , - s n , i  I -n of t n - - I -n mmm d measurements used in
this study , L i n e n - n m  r, n n t  indust m i - i l TLV nt  0 . -n ppm UDMII appears I n  he wel l  c t n mn- nm -t m without consideration of
cancer risk . P m m n c e  r incidence will be - ,  - i - - n ,-n ,-,i d m mr i ng the l i b e t  ime obse rvation anmi tn-sting oh  the rodents
and dogs .

Ne’ctopsy and h 1st ‘p It i nn In- i - c schedules w i l l  i ! ln’s hn ’r m om,mp li t Ion o t  m n c - c I n ’ p ~e s by - pt  mini m 1576 w i iii
t . m m c n - t  l i t ’  fm ,r f i n n , !  mn - ; -  r t  by -u ,~- h n m 7~ - EN,- O i  - t  n ’ - 

- - n u n s- will I’.- pm n nc , _ s, nI us ing the Ni t  anal I nun,,
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lnmm tltute protocol which calls for a minimum of 30 tissue from each animal. Tumor data will be computer—
iz,-d for each species by dose.

As stated previously, hydrazine is currentl y being studied using a slightl y different protocol and
plans nmr o being formulated for monomethylh ydrazine . TIme hydrazine protocol uses four dose levels of 5 0 ,
1.0, 1.25 , and (1.05 ppm and exposure will be for one year followed by lifetime holding.

E. Occupational Medicine and Industrial Hyg iene Guidelines

1. Airborne Concentrations/Acute Exposures

a. Military and Space Operations

EMERGENCY EXPOSURE LIMITS (EEL)

10 mm 30 mnjn 60 mm 24 hrs

hi ydrazine 30 ppm 20 ppm 10 ppm ——

Monometimy lh ydrazlne 90 ppm 30 ppm 15 ppm 1 ppm

l,l—Dimeth y lh ydrazine 100 ppm SO ppm 30 ppm. — —

b . Industrial and Production Plants

SHORT—TERM PLBLIC LIMITS (STPL)

10 mm 30 mm 6O itmj n

Hydrazine 15 ppm 10 ppm 5 ppm
Monomethy lh ydrazine 9 ppm 3 ppm 1.5 ppm
l,l—Dimeth ylhydrazine 50 ppm 25 ppm 15 ppm

PUBLIC EMERGENCY LIMITS (PEL)

10 mm 30 ruin 60 mm

Hydrazine 30 ppm 20 ppm 10 ppm
Monomethy lh ydrazine 90 ppm 30 ppm 15 ppm
l,l—Dimeth y lhydrazine 100 ppm SO ppm 30 ppm

2.  Airborne Concentrations/Chronic Exposures

OCCUPATIONAL THRESHOLD LIMIT VALUES (TLv)

Hydrazine* 0.1 ppm “Skin”
Monomethy lhy drazine 0.2 ppm “Skin ”
1,1—Dimeth y llmy drazine 0.5 ppm “Skin ”

*SuspeCt carcinogen.

3. Direct Contact

a. All three propellant hydrazines penetrate the eye and the skin readily if not immmi tmediat al y
flushed away with copious amounts of water for 15 minutes . Failure to promptly remove the chemical may
result in systemic toxicity .

b. Always wear approved protective equipment to avoid direct contact.

4. Biologic Standards

a. For occupational (at the TLV level) exposures , there are no biolog ical indicators , such as
blood or urinary levels of the hydrazines or their metabol ites th at could be used at time present for
monitoring the workers who are not suffering ill effects. Because of time relativel y fast clearance rate-
of hydrazines from the body, no accumulation of the propellatmts or their metn ibolites is expected within
the detectable range using current techni ques and analytical procedures suitable for monitoring time
wor king population.

b. In acute exposures at the EEL levels , monomethy lhmy drazine can cause Heinz body formation in time
red blood cells , up to 5% after seven days postexposure to 90 ppm for 10 minutes. Under these circumstances
there is no measurahle methemog lohin formation and lmence , the exposure is not considered to be of medical
consequence.

5. Engineering Controls/Personal Protection

For handling propellant handrazines one should consult Department of time A ir Force Manual , Volume II ,
AFM 161—30 , ti tled “Aerospace Medicine: Chemical Rocket/Propellant Hazards ,” dated 10 AprIl 1973.

6. Medical Examination of Workers/b’reemp lovnment and Annual

a. Comp lete physical ,- x m r n i n n n i l  I n n n n (Class 111 Fl igl mt Phys ica l) .

_ _ _  _ _ _  _
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b. Laboratory tests simould include pulmonary function and chest X—ray, h ematology, liver f unc t ion ,
kidney function , and EEC .

c. Contraindications for working with hydrazine propellants should include pregnancy , anemias and
hematologic disorders , history of convulsive episodes and other neurolog ic disorders , “slow acetylators ”,
glucose—6—p hospbmate dehydrogenase deficiency, 6—phosphogluconic dehy dr ogena se def iciency , glutathione —

reductase deficiency, therapeutic use of tranquilizers , and the existence of “benign” tumors.
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THE USE AJID CONTROL OF HAZARDOUS MATERiAL S IN 1’JRCRAPI’ MAINTE NANC E

DR. D .M . IIIIUTON, MAc , I-SI, BS, DIE
PRINCIPAL MEDIC~ L OFFICER (GROUND AND J~-YZTY SERVICE S) BRITISH A I R i u Y S
MEDICAL SERVICE , IiZATHROW AIRPORT , HOUN SLOW , MI D IILMAEX , U . K. Ti46 2JR. -

INTRODUCTION

The construction of modern airliners is highly complex utilising a wide range of components and
calling for many, often sophisticated, maintenance functions. Consequently isany materials are used
both in the conatniction and maintenance activity. These materials can expose airline maintenance
personnel to a variety of potential hazards although evidence of serious harm resulting from their
use is rare.

Meta ls , acids, alkalis , gases, solvents , stripping agents , paints , pl~stics , resins , for-.ms , fabrics
and fuels are among the materi~ 1s handled and this brief list ~-ivea aome indication of their nature and
diversity.

Tracing the use of potentially hasardous materials is complicated by the fac t  that simil:.r chemicals
may be found in a wide variety of uses, locations and processes , ad of ten  a potent i -~l1y hazardous
chenicol is found only as a constituent of a mixture or compou d , iCn -a fied oaly by a tr--de nos e whicU

- ia- -~~ no ~~ ±ca’tlon of the ohemic~- 1s invol- . -d .

-~CTION AND T0- 15a La -jY

A detoiled account of aa teri ls used in aircraft maintenance is not possible in this paper , neither
can their toxicology be discussed in detail. However, the salient problens are as follows:

I- sny of the materiols li:ted above may have irritant or sen-sitising effects on the skin,
conjunctivae and nucous membranes or may enter the body by these routes. Those materials which are in
the form of dusts , vapours or gases may have a direct effect on the respiratory tract or may enter the
body via the pulmonary circulation. The hazard of accidental ingestion of chemical materials is an
extremely unlikely event in aircraft maintenance although it should not be completely overlooked. For
example, laboratory processes may involve the aspiration of chemsicals and hand to mouth transfer of
materials may occur in maintenance activities if the hands are not washed before meals or smoking.

Hydrocarbons in the form of solvents, thinners , and fuels, are among the most widely encountered
chemicals and may cause skin irritation, dermatitis, and narcosis if inhaled in high concentrations .
Acids and alkalis are obviously corrosive; some , like hydrofluoric acid, being hi;hly destructiv e,
and others, like phenol, having a toxic effect in addition to damaging surface tissues. Dusts, such
as asbestos, may be fibrogen-ic arid others , such as beryllium, may have specific pathological effects
not confined to a single end organ. Resins , foaming agents and paints nay contain physiologically
act ive chemical groupings, in particul- .r the isocyanate or epoxy greupa which can give rise to skin
and lung sensitisation.

Finally, although the subject has by no means been fully covered one may encounter metals such as
cadmium and mercury, as well as netallic soltim , ahich have diverse and complex tox ic . loj-ical effects
involving several end organs.

Cc:~TROL

General Princi plec

The principles of toxic material control involve the use of he leas t h- sordoua material cospa~ it1e
with technical renuirements , conta inment , local exhaus t ventil- tion ad the avoid- nce of direct handling.
In addition, there will need to be rood goner- 1 at -  tds of a- - iii ‘~io:n nd housekeeping , c .fe aet nnu ’ds

caC , - a d  the use , where necesa- r:- , of protective clothing and e;uipsent.

b-I-’terinls control procedures to uire a syatca of communicr-tion enabli:~ - materials to be iJom iti~ ied ,
their hazards evaluated and brou,-ht to the attention of non- gonent -and enployees , and the access -ry
safeguards established, communicnted and inpiersonted. Tao ce nuras deVolo~ied in British Airways an
part of the control and communication process will now be described.

1 • 1-S’eTERIALS CONT ROL
Procedu re

To acquire chemically based or raw m:nteri - ls the re ulsitor mus t complete a 0ev K- -ten - ls -.e ,uest
Form which is returned to a “ . uality and ineliability” department. This departca-: t deterainos whether
the materi al is necessary and is technically suitable. If they are 5: t isfied technically that the
acquisition of the material should be approved the re-pac-~nt is ne x t  fo rw- nrded to the Bri ti sh Ai rw-m y s
Medical Service for hazard evaluation and for the material to Ic -ivan mm health hazard clims aifica tion;

• rarely a material may be rejected mis undesirably toxic or a color sul-atitute su- ,-;eoted. A~ina11y, the
Fire Protection Branch evaluate the fire risk and ulloc~ to a ‘Fire ;usk’ classification, On
sat isfactory completion of these procedures , purchaa e a ;-p m~ v:il is Divan by the u nitty and Reliability
Department and the material is included in an Approved Eaten - mis Lis t shoi,- i a ,- , ag:nn.at t I e  n u a ,  of the
material, the hazard and fire classification, Where necommo - iry , any restrictions on use or any spec ial
precautions are indicated in a ‘Rena rko’ coluan.

No mateninl may be used or ac-buired unleca , or un.t ml , it is inclu-Ie’ d jim the A; jn-v’nd 0- tori - mis l i n t.
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Hazard Classification
The health hazard classification is a simple one, The health hazards axe defined by a two letter

symbol. The first lettet indicates the principal area of the body where the aoterial can exert its
effect.
i.e. S Skin

~ ye

B Breathing — Inhalation of fumes , games, vapours

K ~outh — Ingestion, whether accidental or deliberate.

The second letter (actually a digit) indicates the potential mmevority of the health risk:

i.e. I Moderate Risk e.g. frors prolonged or heavy exposure
2 Ui gh Risk e. - . immediate or severe effects.

Thus 31 , for exnaaple , in~I~ c- tea a un. toSI ~1 s- it }-. a : : - o orately seve re effect on the shin soci. -a the
irritation which may oco on e’-i u :- aa - ni: ~:-~i~ ic nanids .

In an int roductory section of the Approved Materials List the general precautions relevant to a
particular classification are indicated. So , for example , against  SI the fol lo sing 1- roc- nutions are
shown:

‘Apply barrier cream before starting work. (s~necific creams are stipulated for a few processes
otherwise use the general purpose barrier cream;.

Keep skin clean by regular washing. At work approved h— .nd cleansers are supplied. Always wash hands
thoroughly before eating, drir.king, saoking or using the toilet.

Avoid unnecessary contamination of the skin, Protective clothing, for exam~n1c , gloves, may be indicated.”

~~ergency Action

Another introductory section relates the classification to recommended emergency action in the event
of exposure. Continuing the example of a mate r i e l  classif ied as 51 , the emergency action section reads
as follows :

“Contaminated parts should be thoroughly washed and rinsed; re—apply barrier cream.

Resins may be removed from the skin using Korodex 22 skin cleanser.
If soaked in kerosene, oil, chemical solution etc:—

Do not continue worLirrg in heavily contaminated overalls,
Report to nearest Occupational Health Unit  for  use of bath or shower facilities and loan of clean undez~
garments and overalls,

AL-,AYJ .- oiO T SKIN IlSiITaa’iIL , ~iIL 11.5555 , .Dll: -S IlTS , ~~~ ULC SaJ , 55 i5.JiC. L STAFF — KEllER BE SHY
A BOUT Sn 1KG 30.”

The Approved Materials List is available to all employees in the relevant working locations.

2. i’:.cc s Ce::TRc L~
In addition to the identification , evaluation and control of nnateni n ls generally, it is necessary to

establish sore detailed control oroccd’mr~a in respect of certain processes in which the materials nay be
used. IIo.~or processes are ag- in as diverse as the naaterials used in them : ranging, for example, from
the eloctro—p lating of components to the repair of fuel t- - nSa or - irc raft painting. Major processes - -

detailed in a l’rocess Specification N- nunl and when the tech~ lc -i re~nuirements of the process li ve been
es tablished the draft :- rocess 5:-ecific tion is forwarded to the aejic:.l service for inclusion of’ any
necess- iry precautionary adviao a- i : . - t  ha - rds. Freguently this is re2 -tively siap le and routine but
in case c~ ses the medical service any be closely involved in the erl y at yos 0f the - teve lo -rscnt of a
pi-ocess to ensure that : ote: ti .1 haz- rdc -mrs ev-~ lu ted in adv- ace and overcome before the process is
brought into operation.

Thus , hen any process involves a he- l th or a. fety hazard the Process Specification document will
contain , normally - n t  the beginning, a section dealing with the he- .lth -nod s- fety proc utions, . here
the process is summarised scinersatic-.lly in addition to the main t ex t , the schematic chart is pre: :e i d
along the following lines :

e.g. “Process ic uence

Prior to coamoncement of solvent degreasing it is imper-:tive that the oper- tnn r shall ro~ d no tea —7.
Note 1 concerns your health - mad safety.

COiiCLUSION

There are many w- nys of controlling potential health hazards in industry. ho single method is
likely to au.~~ice ;-: r t i - -ui rly in the airline industry where time octivitioc and potential risks axe so
diverse,

Two aeth-i j a  in use in British lieu pa hove been described but these rejmremmont only part of the total
picture of e-mtori-nls control. however, it should be noted that while the activities and materials
involved in :mirn r:.ft  - to : .  ace -nrc n- may nd the controls complex , the diversity of the operation so
n f t e n  Sc a.: th -t exposure to tom :ie ho~ rds are infrequent and often ;:sniis:nl . :.cverth nli~~~, reliance on
sun t: ii r - i - i -  is li cly to n emnve i - o n e r o u s .  2- nzt am n t vi -si a- : - , b- shed by n i l e  

~ 
-to contnls is tin e

- a or
t a n : .  nrc ui - i  - to Inc. J. r- I: a f vie a, Di roe r i,f p -i - c ~1 -n d Safe y ;n-rv m a n - n . ri t i m ;ti A l rw, VS

i- i!u~acnm1 On ~t i on i , 1—m r n-crnans alun to :u~-~ i :I. 
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DISCUSSION

Air Cdre J.N.C.Cooke, UK
Would you give the sources from which you gain toxicity information on new industrial

- products. How do you monitor the possible appearance of unexpected toxic e i f e u - t s  and
what action is taken?

- Aut hor’s reply
- The manufacturer is asked to give information on the composition and toxicology of his

product and from this we make our own assessment using the usual literature sources fn n r
information. The product is then given a health hazard classification in the A pproved
Materials list and other information provided to our users as described in the paper.

In general we use materials whose toxicity is well  documented but of course unexpected

- 
hazards may occur even in these circumstances . We maintain a constant vig ilance of
the literature and of our working environment and emp loyees. From these sources we
expect to obta in early warning of new problems and take whatever preventive action is
appropr iate.

I S 
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OCCUPATIONAL HIiALTH HAZA RDS ASSOCIi~PHD WITH

AIRCRA?P SHELTER OPER5~TIONS

Dr S Kanagasabay M.Sc, MBBS, MFCM,
Senior Medical OfficerS,
Reaearch and Development (1),
Ministry of 11+ ence (PE),
~npreas Sta te ~uilding,
Lillie Road,
London 3W6 ITE

SUMMARY

The concept of operations from shelters is to provide protection for the aircraft from surprise attack
whilst on the ground. The design features of shelters, which are intended to give a reasonable probability
of survival of the aircraft and maintain an operational capability , are those which also fulfil the criteria
for a confined space. The occupational health hazards to personnel employed in shelter operations there-
fore are essentially those associated with aircraft operations qualified by the restrictions applicable to
a limited work—space.

Potential hazards are identifed as thoee arising from the turbine engines of aircraft and those arising
from both turbine and petrol engines of ground support equipment necessary for front line maintenance.
These are noise, fuel vapour and exhaust pollutants.

Fnvironmental levels of the pollutants under typical operations are compared with current threshold limit
values. Recommendations are made for:

(1) reduction of exposure

(2) permissible excursions above 0urrent threshold limit values for
specific pollutants

(3) biological monitoring of exposed personnel

INTRODUCTION

The purpose of aircraft shelters is to provide protection for the aircraft whilst on the ground, from
surprise enemy attack. The design features are intended to give a reasonable probability of survival of
the aircraft to maintain an operational capability.

The current concept is that aircraft will operate from shelters at all times, and except for movement of
aircraft the shelter doors will remain shut. We are therefore assessing an occupational health problem of
aircraft maintenance in a restricted work space , and aircraft operation (i.e. engine start and taxying) in
a relatively confined area.

P~YTENTI AL OCCUPImTIONIs L HEALTH HAZARDS

The main sources of pollution creating p~~ential occupational health hazards to personnel are:

Refuelling of aircraft

Groun d support equipment

Aircraft engines

Refuelling of Aircraft

Refuelling of aircraft was init ially carried out in the doora open configuration, The level of hydrocnmrbon
vapour in the operations we were able to monitor did not exceed the atipulnted threshold limit value (L’LV)
of O n )  parts per million ( ppm) . A limited experiment was carried out in the doora closed configuration ,
here again it was found that the level of hydrocarbon vapour wire well below the TLV of ‘+00 ppm. Repeating
the procedure for a refuelling/defuelling sequence also resulted in hydrocarbon values, though higher than
the previous levels, lower than the TLV of 400 ppm. It is felt that refuelling even under maximal operating
frequr~ney would not present a significant occupational health hazard from hydrocarbon vapour to refuelling
personnel. It is emphasised that the concentrations of hydrocarbon vapour were present only in the immed-
iate vicinity of the refueller and fuel point.

r,round Support t~ uipment

- round support equipment produce two main pollutants, noine and exhaust emission.

(a )  Noise This is common to all the ground service equipment in current use.
The noise levels for eich individual item could he hazardous to the
unprotected our sn,I the noise levels From combinations of eqi mi psent could
he ha7n ,rmj omrs l o  -, de~rroe which re gi ires limit at ion of exposu re duration even
with current in—service pn mr protection equipment. The worst case noise level 
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recorded was a 1?? dB (A) which with an approximate attenuation of ?~dB(A )
for current in—service equipment permits an exposure duration of about
one hour per day.

(b) Exhaust emission. These are from ground support equipment , anme of which
are petrol engined and some of which are diesel engined. The only ground
support equipment which is turbine engined is the air starter.

The exhaust emissions of petrol and diesel engines include, carbon monoxide
(CO ) , Oxides of nitrogen (NO and NO,), Oxides of Sulphur (so,) , unburnt
hydrocarbons , particulates mind , in The case of petrol engineb equi pment,

S lead. With non—leaded petrol the emission Could contain manganese (Mn) when
the proposed addi t ive lINT ’ (Methyl cyclopentadienyl manganese tricarbonyl) is
included.

‘ Data from animal studies indicate that there is no significant hazard
from this substance. (Stars 1973)1.

(1) The unburn t hymirocarbons and particulatea. The unburnt hydrocarbons
are a function of the efficiency of the engine. Normally after an
initial burst at start—up hydrocarbon emission ahould be minimal at
operating RPM.

The particula~es comprise carbon , and metals including lead. Raker,
et al , (1971) - have demonstrated a disturbing feature of these
particulates particularly ferr ic  oxi de which can act as a carcinogen
in associat ion with benzo (a)  pyrene. We have carried out air
sampling for lead , and from thi8 a reasonable estimate of the other
particulustes can be made. Our reason for looking at lead initially
is because it  has been shown that part i~ulate matter from motor Cars
contains about 40% lead. (Crider 1971)

(2) The oxides of nitrogen and sulphur. These were not detec ted
in any significant amounts in the initial survey; also confirmed
at the subsequent environmental profile.

(3) Carbon Monoxide. Carbon monoxide detected from ground equipment
ranged from 10—30 ppm in the doors open state to over 300 ppm in
20 minutes with the door closed for 2 items of ground service equipment.
From both petrol and diesel engines through start—rip to operating RPM
considerable quanti t ies  of CO can be expected.

Aircraf t  Zngines

Here again the main pollutants are noise and exhaust emission.

(a) ~~~~e. The noise levels from the aircraft engines were about l2kdB (A), this
was inclusive of the ground support equipment. The duration of the noise is
short li ved, mind as stated earlier limitation of exposure with protective
eauipment should ensure that the otological hazard is minimal.

(b) Exhaust emission. The exhaust emissions from turbine engines include the
following: —

hydrocarbons

oxides of nitrogen

carbon monoxide

(a) Hyldrocarbons. Sawyer et an (1973)’+ describing the factors controlling
pollutant emissions from gas turbine engines showed that the hydrocarbon
emission was mazimal at low power settings mind diminished rapidly as the
power was increased. This is shown in Table 1,

-

~~ 

100 Tab le 1 — HYDHO CAR1ION ~}1ISSION

0 20 4-0 g0 ~~ 100 POWSH % (Af te r  Sawyer et al 1973)
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(2) Oxide of Nitrogen. Also based on the work of Sawyer et al (1973) 4- we see
that in the case of oxides of nitrogen (NO) the output is minimal at low power
settings and rises rapidly with increasing power, as shown in table 2.

TABLE 2

OXIDE S OF NITROGEN EMISSION

100

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

o 20 40 60 80 100
POWW R % (After  Sawyer et a]. 1973)

(3) Carbon Monoxide. This shows a similar output to that of hydrocarbon;
at start—up the output is high and as the power is increased the output
rapidly falls.

This is shown in Table 3.

TABLE 3

CARBON MONOXIDE b2IISSION

I 10-K
0 20 40 60 80 100

POWER % (Af t e r  Sawyer et ml 1973)
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To summarise therefore the pollutants of concern are:

Noise which we are able to contain.
Particulatem which on initial assessment are of a low order and therefore can be discounted at this stage.
Oxides of nitrogen and hydrocarbons. This as shown in the tables for the aircraft engine shows an increase
in the came of nitrogen and a decrease in the c u — m e of hydrocarbon with increasing power. These 2 pollu-
tants and also the carbon monoxide from the aircraft engine (which tends to fall with increasing power) do
not conatitute a problem. This is because soon after start—up in the shelter the aircraft taxies out clear—
ing the hanger of all pollutants by the exhaust flow thra’u~ h. However there is the -m uesti on of cmmrbon
monoxide from ground service equipment which remains in the hangar during the pre—start-up proc~dures. It
is therefore worth considering briefly the toxicology of carbon monoxide.

Carbon monoxide. We are dealing with levels rmm nurinp from 10—30 parts per million
under optimum conditions to over 300 parts per million under “worat.-case” conditions.
The threshold limit value for carbon monoxide is 50 parta per million.

MacGregor (1973)~ studied the maximum carboxyhaemoglobin (COHb ) levels after an
8 hour time weighted average exposure to 50 and 35 ppm of carbon monoxide for
smokers and non—smokers. The base line CRIIh level for a smoker is taken as 7.3% and that
for a non—ssoker is 1.4% (Mcllwamne 19G8) . Feom table 4- it will be seen that for an
8 hour exposure to 50 ppm carbon monoxide the smoker maintains his base line denicted
as “a” and the non—smoker attaining a level of 7.3% (1-lacoregor 1973).

TABLE 4

MAXIMUM CARBOX YIIr)oI4OGLOBIN L m V ~LS ~Ylm~R AN S

8-HOUR TIME—WEIGHT ED AVERAGE EXPOSURE TO
50 OR 35 PPM CARBON MONOXIDE

TIME WEIGh TED SCHE D UL E MAXIMUM 1 CAR&JX YUAE COGLOBI N

AVE RAGE PPM X TI1’I~
HR NON SMOKER SMOKER

50 5 O x 8  1.31 a

50 (75 x 4) (25 x 4) 8.58 10.47

35 (35 x 8) 4.02 a

35 (10 x 7) (200 x 1) 8.48 12.5

35 (10 x 6) (100 x 2) 6.99 11.0

*35 (10 x 7)- (200 x 1) 12.9 14.1

V = 9.5 L/min Light activity
= 18.0 L/min Light work

a = maintains level of carboxyhaemoglobin from smoking

(MacGregor 1973)

The principle symptoms in relation to COBb % according to Liodgrem are shown in Table 5.
TABLE 5

APPROXIMATE RELaTIONSHIP BETWEEN THE
A}IOUNT OF CARHO XYHAE1-IOGLOBIN IN THE

BLOOD AND NE PRINCI PAL SY1IPTOMS

1 COBb PRINCIPAL SYMPTOMS

7 SLIGBT HEADACHE

12 MODE RA TE HEADA CHE AND DI ZZ INESS

25 SEVERE HEADACHE AND DIZZ INESS

• 45 NAUSEA VO~I i  r 1~~;. COLLAPSE?

60 
- 

COMA 
—

95 DEATH

Lindgrem 1971
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It may be argued smokers should have a slight headache all the timel However , at concentrations of 12% and
above it may be assumed that all persons can be expected to have some sympt-~mm. If we now

7
look at exposure

durations increasing progressively to 21+ hours at 50 ppm CO based on i -.-t ~~ruurn et ml (1970) Table 6 shows
that the rate of rise of COBb is rapid initially and less after about 6 hours exposure. The significance
of this may be appreciated when we consider the half life of CO later.

TABLE 6

TWEN TY~ FOUR EXPO SURE TO 50 PPM OF CaRBON MONOXIDE
CARBON 1-IONOXIDE

DURATION AVE RAGE PERCENTAGE CARBOXY HAEMOGLOBIN
IN CO IN - ________ _________ ______________

MI N UTE S PPM Si (A) (E) S2 (A) (E) S3 (A) (E)

0 

- 

0 0.65 — 1.5 - 3.9 —

60 51.74 1.80 1.86 2.6 2.58 6.6 4.62

180 49.93 3.80 3.64 4.4 4.17 5.7 5.66

360 50.00 4.90 5.50 5 .55 5.83 4.8 6.75

48-3 49.32 5.50 6.25 6.1 6.48 7.2 7.15

720 [ 49.48 6.50 7.29 6.6 7.42 7.9 7.77

930 [ 49.39 7.20 7.76 7.5 8.04 8.2 8.04

1,320 49.21 ~.IO 8.14 8.6 8.17 8.7 8.27

1,440 49.04 7.60 8.20 8.0 8.22 8.2 8.29

(Peterson 1970)

The rate of CO up take in light activit ies , based on the work of Forbes et al (191+5)8 am one would
envisage in shelter operations (normally) is shown in Table 8. In the worst case conditions
monitored at 300 ppm (0.03% 00) COMb levels of 15% after 2 hours and 25% after 1+ hours can be
expected. This is clearly undesirable.

TABLE I

LIGHT ACTIVITY PERC~~T COBb IN BLOOD

PERCENT CO 1 HOUR 2 HOURS 3 HOURS 4 HOURS 5 HO URS 6 HOURS

0.02 6.0 10.6 14.3 17.2 19.6 21
0.03 9.0 15.0 20.0 25.0 26.0 -

0.04 11.3 20.0 26.3 31.0 — —

0.06 16.4 — — — —
0.08 21.3 — — — —

0.10 26.0 — — — —

_ _  _ _  _ _  - S 
_ _

(Forbes 191+5)

If we now look at the u~ take of various concentrations of carbon monoxide as a function of time , Table
8 from MacGregor (1973) showe that at levels of CO below 100 ppm a state of equilibrium is attained at
a level of COMb in 5—1O” range, whilst with levels of CO above 100 ppm there is a rapid increaae of
COBb with t ime and little evidence of -‘ s tate of equilibrium.

- 
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TABLE 8

25 . /
500

20.7/200

100

~~: 

8~~~~~~~~~~~~~~6 2 O 24 

50

HOURS

UPTAKE OF CARBON MONOXIDE

AS A FUNCTION OF TIME (MacGregor 1973)

Finally, if the excretion of CO from the body is considered , Peterson (197O)~ found it to be a half—life
phenomenon. He showed in 38 separate experiments that the average half life was 320 minutes. This is con—
sistent with the values seen earlier (Table 6) where we saw that the COMb levels increased rap idly till
about 6 hourm and then tended to level off . Another feature which Peterson demonstrated was that the half
life of COMb in blood varied inversely with the partial pressure of oxygen in the respired air; a factor
wh ich ~ight be of relevance in the treatment of persons exposed to high concentrations of CO. Peterson ’s
(1970) figures are shown in Table 9. TABLE 9

MEAN COMbCo t INPPM 11TH NIH BLOOD 1 
______________________________

114 10 23.00

20 20.80

30 19.55

OXYGE N INHALATION
40 18.15

AT NORNAL PRESSURE

760 urn Hg
55 15.85

75 13.90

95 12.80

135 11.65

4-73.3 140 0 19.4

10 13.25

OXYGEN INHALATION

20 10.0 
AT IWP E RBARIC

7.6 PRESSURE (2,300 urn Hg)

40 5.85

50 4 .15

(lete rson 12?fl)

___—--- -
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I have attempted to outline in general the problems we have encountered in operatinv aircraft from shelters.
In particular the problem of carbon monoxide exposure is complex and the formulation of an acceptable
threshold limit value for operational occupational exposure is not simple. Back (1973) has quoted emergency
exposure limits (EEL) and TLVs for US Air Force use for carbon monoxide as follows:

Carbon monoxide (ppm ) TLV EEL 10 sin EEL 30 mm EEL 60 mm

50 1500 800 1+00

In an emergency situation these values must be deemed acceptable , however for continued exposure in situa-
tions where detriment to performance and efficiency cannot be accepted lower values must be considered.
Based on the information available so far , and the data put forward our proposals are that for operational
occupational exposure (in these circumstances) 50 ppm carbon monoxide be accepted as the TLV with a maximum
permissible concentration in any given operational sequence of 75 ppm carbon monoxide.

Though the initial surveys have indicated that there is no significant occupational health hazard from
other toxicological productm , biological monitoring (for e.g. lead and benzene) should be carried out
to assess if there is evidence of high absorption despite the low airborne concentrations recorded so far.
These examinations should include:—

(1) Medical Inspection on commencement of employment.

(2) Bsseline vitalograph recordings (forced expiratory volume and vital capacity).

(3) Baseline screening audiometry.

(4-) Baseline estimation of carboxyhaemoglobin levels.

(5) In addition to theae,regular monitoring of sample groups for the above parameters
together with estimations of blood lead end urinary phenolic bodies where there is
reason to suspect a high lead content in the fuel or where aviation fuel of the type
containing a high benzene content is used.

- rn -- 
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I ) IS (  LS SION

I)r Kenneth ( -

1. It is not likely that CoMb would increase in a smoker with 7% saturation. In 35 ppm the
pressure grad ient would be In the opposite direct ion i . e . the smoker would be adding CO to

• the a ir.

2 .  Levels of 2~~ CoHb saturation do not cause headache and drivers studied at Ohio State
University Studies have shown no changes in performance at a high level.

I. We have done studies which show that 400 ppm CO inhaled c~ ntinuousl y (24 hrslday
for 6 months) pa oduced CoHb s~~tur1t ions of up to 30% with marked increase of hsemato—
- n t  of approx 60—70. This is obviousl y due to increase in total Nb levels up to
25 gm/100 ml.

mail  m a r s  reply
1. Dr Backs coments are accepted . In the case of the first comment which refers to my

slide on the maximum carboxy haemoglobin levels after an 8—hour time—wei ghted average
exposure to 50 or 35 ppm carbon monoxide . This data is based on a theoretical exam-
ination of carbon monoxide kinetics with a comment on time weighted average exposures
by MacGregor . In a time weighted average exposure to 35 ppm , whilst the pressure
gradient at and below 35 ppm may theoretical l y be in the opposite direction , the
pressure gradient will be reversed when the CO levels are above 35 ppm ; which would
account for the increase in CoHb in a smoker at time weighted average inhalation of
35 ppm CO (e.g. 35 = 10 x 7 + 200 x I) or (10 x 6 + 100 x 2).

2. Levels of 20% may not cause headaches in some people and indeed the drivers studied in
the Ohio State University survey may not have shown a decrement in performance. It
would be difficult however , to generalise on these statements. In the type of opera-
tions we are considering, it would be quite wrong to consider CO in isolation and
formulate preventive measures without taking account of the total environmental profile

3. Though such high concentrations are unlikely to be encountered for the durat ions
stated , we will take account of this work in the long term supervision of personnel
employed in aircraft shelter operations.

(olonel C (,iannop oulos
In t he battery of tests , recommended for pre—emp loymnent and/or periodic medical examin—
ations of personnel working in aircraft shelter operations , do you include liver
function tests? (e.g. serum transaminase levels determinations) .

-~uthi,r s reply
It is not intended to include liver function tests as part of the baseline screening
medical examination. In the pre—emp loyment medical examination , personnel with a
previous history of hepatic disfunction will however , be referred for full clinical
evaluation before acceptance.

As a monitoring procedure liver function tests are not thought to be useful in assess—
lug the exposure of personnel employed in these operations. In the case of benzene
for example , the estimation of urinary phenol wi ll give an ear l y estimate of the
absorption of benzene . It is emphasised that urinary pheno l on its own is not conclu-
sive of benzene absorption; recent work has shown that elevated urinary phenol levels
which are unrelated to benzene exposure can be found following ingestion of common
med ications such as peptobismo l and chioraseptic lozenges.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CO DOSE METER FOR WORKING PLACES EXPOSED TO EXTREM E PEAKS OF CO—CONTAMINATION.

C. kleinhanfl, M .D., Col., C h i e f  of Defense Physiology Div i sicn  in the Institute for
Defense Medicine and Hyg i ene , Kobienz , FRG .

C. Piekaraki , M.D., M ajor , Defense Physiology Division in the Institute for Defense
Medicine and Hygisne , Koblenz , F R G ;  Dept. of Internal Sedi cine , Bonn , Medical School ,
Bonn—University, FRG .

SU M M A R Y
For cer ta in  marg inal condit ions the product  of carbon—monoxide (CD) — concentration
( c )  x t ime ( t )  of exposu re  c . t determines the amount of CO— load , uhich affects
subjects working in several industrial and military working places . The determination
of c . t is easy whenever c remains constant ; if c varies , the following methods can be
used ,
1. Cont inuous in tegra t ion  of’ c over the time elapsed (IN)
2. Collection of aliquot quantities of gas samples during exposition and following

multiplicat m on of the mean concentration c with the time elapsed t ( S r i )
Advantages and disadvantages of both last—mentioned methods are discussed.
As consequence a

3. modified sampling method is introduced (rISM)
The MSM combines essential advantages of the IN and SP1 , especiall y accuracy,
r e l i a b i l i t y  in field tests and validity.

FOREWORD

The average physiolog ical effect of harmful environmental factors in general may be
desc r ibed  to be subject to intensity and duration of e x p o s u r e .  Wheneve r  dura t ion  of
exposure can be regarded to be constant , for instance in an 8 hours ’shif’t , maximum
permissible intensities (MAC—values ) are quite often defined as maximum loads in
practical use. Maximum loads for working places with considerabl y u n s t e a d y  intensities
(peaks of concentration), however , can be onl y defined in an economically satisf y i n g
wa y,  uhen bo th  f a c t o r s  of  in f luence, i.e. intensity and duration , a re  p r o p e r l y  con-
sidered.
The effect (ii) of carbon monoxide in the resp i ra ted  air can be approximatively defined
in the equat ion W = c .t , considering certain marg inal conditions , for instance degree
o f ph ysical load , variabilit y—range of concentration c and time of exposure t[1].
The amount of carboxy hemoglobin (HbCO) in blood has proved to be a dependable para-
meter to define the effect of CO produced upon man. For example 10% of COHb in a normal
adult are equivalent to a p r o d u c t  W = 6000 ppm .min considering exposure durations
between 2 minutes and 1 hour , changes in concentration between 100 and 3000 ppm and a
ventilated volume of 6o litres/minute [2 ,3].
Regarding the above mentioned marg inal conditions a load of 6000 ppm . mm within
NA TO A rmed Forces a re  regarded to be the permissible maximum at this time l4j .

M ILITARY IMPORTANCE
Peaks of CO—concentration up to 2000 ppm and even more can occur in the fighting
compartments of MBTs due to ~u n s m o k e  of gun and secondary weapon. The civilian MAC-
value (fur instance in the indus t ry )  for CO concentrations , i .e. So ppm , will be
surpassed more than a 4o— fold . On the other hand concentrations of that kind may be
still within the range of human tolerance because of theit short period of influence.
P s t a t e m e n t , making sense , whether  this fac t  comes true or not , can only be a c h i e v e d
by evaluating CO—load from concentration and time of exposure.
In order to reduce CO—load in the fighting c o m p a r t m e n t s  of’ MOTe , if necessary, t he
fol owing ways of realization are taken into closer account:
— S u c k i n g  o f f  c r t h e  fum es at  p o i n t  o f escape: i.e. at the breech blocks of gun end

secondary weapon. Disadvantage: The necessary sucking device works against the
pressu r i z ing  s y s t e m  which is in opera t ion  during missions under “bu t toned  up ” —

i.e. ABC—conditions . From this the re  is the poss i b i l i t y  that  e i the r  e x t r a c t i o n  of
n’ ’ msm o ke or A B C— p r e s s u r i z a t i o n  is u n s a t i s f a c t o r y .

- -mupp ly of necessary fresh air to the crew using oxygenmaska which are fed by a
e n tr a l  air c l e a n e r .  D ieadv an tage :  Masks and  c o n n e c t i n g  hoses reduce the necessary

~rea iom of movement for the crew , e s p e c i a l l y for the loader.
- Ir.u i:m ~’c’nt of the crew with CD—filter masks. Disadvantages , cond itions: Presently

a~~~~. abl e C fl — f Liter s from experience are only effective for short period s of opera—
• - A LJ f ficiOn t amount of spare filters therefore must be always kept in stock .—

‘ - .-~~~~ er - .j~~t r o s il y be able to f ind out when the abso rb ing  c a p a c i t y of his filter

~~~ m .jn mi r e closely in the case of MOTe , C U — p r o t e c t ; o n  a l w a y s  must be paid
- - .‘~~~~ -Isiarly with more or less pronounced disadvantages in the operotion of the

- -  i - ed. Th ese means , according to their extent , increase considerably
- -~~ -~~ ing production costs of modern weapon systems.

- a - : r i a t r  and economic protective measures presupposes a depend able
- ‘~~a r-1 e  - b - a r i a .  We t h e r e f o r e  t r i e d  to e s t a b l i s h  a method , to e s t i m a t e

a .  a . a  ly i a  possible , and which also covers the demands of the

- - -  -
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DETERMINATION OF U
1. Concentration c within single time intervals t1 . . . t shall be constant. CO effect

and its increase over the time of exposure can then b~ easily ascertained:
U = c .t +c

2
.t
2 

+c • t . Especiall y in military working places c is very vari-
able ?pe~~ks of concentra~~ioR). In such cases CO—load can be computed continuousl y
according to the product c’t

2. from the formulafc.dt (Integration—Method , IN).
Accomplishment: c will be evaluated in sufficient velocit y (for instance by an IR
spectrometer) and electronically integrated over the time elapsed; Jc.dt recorded
continuousl y.
Disadvantages: The measuring range of the CO—analyser being used must be at least
as wide as the maximum possible CO—concentration . From this follows that for instance
on the bases of an over all systematic error of 2 % (in respect to maximal gauge),
c incorporates an inaccuracy of ± 60 ppm , when peaks of concentration of 3000 ppm
are taken into account. The measuring error is inevitabl y combined within an
increasing inexact itude of the result of integration proportional to the time
elapsed. For T 60 for instance the inexectitude of the integral of concentration
over the time means * 3000 ppe .minute. As regards to the above mentioned limit of
maximum permissible CO—load of’ 6000 ppm .min , a systematic measuring error of that
amount reduces considerably the value of the results of measurings obtained in that
way.
During continuous integration of’ c over t errors in CO—measuring due to vibration
may also occur .  Especial ly in field tests mechanical influences on the vibration
sensit ive in f ra—red spectrometer o f ten cannot be avoided. Trans i to ry  inaccuracies
of the concentration gauge due to this phenomenon render an exact determination of
U = fc.dt impossible.

3. Sampling Method (SM)
Collection of’ concentration samples into a reservoir over a total time elapsed T.
After exposure total load dose may be estimated from the mean concentration c ,
U a c.T.
Disadvantages: No information about increase of U during single phases of the test ,
i.e. during single working periods , is possible. From the progress of U within a
given time , however , important information about CO— sources and possible means of
redress can be obtained. Also continuous s a f e t y  cont ro l  through continuous contro l
of U during test is rendered impossible with this method.
Therefore we have developed and tested a new and more precise method , wh i c h  is m o r e
suitable for ergonomic field tests to determine the product of concentration and
time.

PRINCIPLES (
~1 OF THE MODIFIED SA MPLING METHOD (11511), F I G  1

A precision pump (PP) blows aliquot quantities of gas samples (for instance 1 litre/
minute) of the gas under tes t  into a Doug las bag (DO). The mean CO—concentration (c)
in the OB will be continuously measured in a closed circuit (CC) by a gas analyser (A).
The pump (P)  of A maintains the f low in the C C .  A t  the beginning of the tes t  CC contains
a certain dead space (Vt) of CO—free a i r .  I f  Vt  is regarded to be zero (c = c

0
) the

following equation is rendered valid:

t . a I -

~.T uJc .4t (1)

T = total time of test
In general Vt is always chang ing f r om t e s t  to test , being practicall y a lwa ys g re ate r
than zero. The proper amount of it depends for instance from the accuracy being used
to squeeze the residual air out of the Doug las bag. the following equation holds true
fo r  .O according to (I):

—

(!~)

t t  0

Derivatio n of Eq. I , II

(c1 .
~~.t 1)÷ 

~~~~~~~ 
(c~~~.t~) / (T.~)+ Vt

~j ~~ =T

f J c ~~~~, Vt/ ~ .k ,
r constant ventilated volume per time— unit of PP

Dimension of K is time!

_ _  - 
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The analogous voltage of A representing c is fed into the vertical registration—channel
(R y) of a x— y direct writing recorder , the horizontal channel of it is triggered by an
electr ical power source , in c r e a s i n g  its voltage in linear correlat ion to the time
elapsed. The registration paper is marked by a network of’ h yperbolic lines for constant
U—values respec t i ve ly ,  beginning w i th  U = c • t  = 2500 , 3.000 , 4.000 , . . .  20.000 ppm
(Fi g 2 ) .
Cal ibration of the system: (Example)
1. Ry Feeding— in of atmospheric air into A

— Gauge in dica tes  ze ro
Feeding— in of air mixed with 500 ppm CO
— Gauge indicates maximum

2. R
~ 

The deflection into the x—direction proportional to time , induced by t h e
electrical power source must fit prec i sely to the line_net~ ork~ g dimensions
in respect to polarity and amount , for  ins tance  0,5 ce/mm from left to
right.

All connecting hose unions are connected according to Fig ‘I , the Douglas bag is empty
up to V

~~
.

3. 5 minutes (PP on/off) filling in of a 500 ppm CO/air—mixture (CO/L). Afterwards
atmos pheric air will be administered to ascertain that the CO/air—mixtu re has
reached the Doug las bag in total. Ventilator F will be switched on for approx.
3 m inutes up to a conetant CO concentration , indicated in the CO—anal yser.
(Gauge ~ 500 ppm , for CO/L has been diluted by Ut.)

4. Adjust zer o of Rx (manuall y and electronically) until p en is located on 2500
ppm .min—l ine . Th is procedure compensates the influence of’ V~~. (i.e. c o n s i d e r a t i o n
of K in equ ation II).

Cal ibration is finished in that way. When measuring shall beg in , P and time—voltage
generator have to be started simultaneously. 2500 ppm mm , alread y i n d i c a t e d  a f t e r  -

•calibration , must be subtr acted from the actuall y indicated value U , or the markings
of the hyperbolic network  must be reca l ib ra ted  accord ing ly .

TECHNIC A L DETAILS
Gas analyser (A)
Inf ra—red absorption spectrometer. Measuring range 0—500 ppm . Accuracy ± 2 % over total
mea8uring range , i.e. ± 10 ppm. Output of membrane pump for anal ysing chamber and CC
approx. 30 litres/hour. Thermostatizing of the temperature sensitive measuring instru-
m en t  has p roved  to be n e c e s s a r y  espec i a l l y during field tests. — Poor linearity in the
concentration gauge can be observed incidentally even in brand new instruments. Control
of’ linearity and adjustments if necessary a re  recommended (see below). Instrument
should uarm up for several hours before testing. Use of anal ysing chambe rs  w i t h  CO 2 —
filters is recommended. Uhenever vibration is expected to affect the anslyaer , the
chamber ’s axis should be oriented verticall y to the direction of’ maximal vibration as
much as possible.
(Manufacturer : Hartmann und Braun , Frankfurt/N ., FAG)

Precis ion pump ( PP)
Two cyl inder—piston—pump with a single motor. Piston displacement ratio discretel y
variable by interchangeable cog wheels (mixing pump). Output variability (load pump)
optional accordingly between 4 and 8? litres/hour. In contrast to membrane pumps out-
put is not or neglectabl y influenced b y pressure changes , especiall y in the outlet.
C o n s t a n t  out put f l ow  is indispensable for the measuring principle being used. Pressure
rises up to 50 mm H,0 in CC compared to static pressure at the beginning were observed
with progressive filling up 8f DB. Output changes of PP occurred with changes of’
surrounding temperatures (~.10 C) due to changes in vicidity of the oil in the pump.
Redress by use of viscostatic oils or temperature stabilization . PP is suitable for
calibration and linearit y c o n t r ol , being a mixin g pump.
(Manu fac tu re r :  Fe.  H. W ö s t u ~ af ’ f o . H .G . ,  Bochum , FRG , Type  1 SA 18/3m)

Dougla s bag (DO)
Bag made of proofed fabric , contents approx . PU l i t r es.  P e r m e a b i l i t y  for CO/ L m ix tu res
should be tested to eliminate possible gas losses ~r in f luences on gas concen t ra t i on
in CC during t es t .  A f t e r  insta l lat ion of F in DII , t e r v i c e  a p e r t u r e  in DO should be
carefu l ly sea led.  Look for possib le l eakage !  W i r e  ;ancl  hos ing connec t ion  of F and CC
are led through original outlet (metal tube) of t5a~. Hosing connections of CC inside
DO are ap prox. 80 cm long end furnished with several l n t s  in the s i d e w a l l s , wh ich
ameliorate the mixing capacities of the sys m - ra -- fo r F .
A f t e r  each measurement  a thorough flushing of —r leee 5 m Inute s ’ duration vith
atmospher ic  air is necessary in DO to e 1 i r i r i a t a ~ a n y  CD—residues. For flushing the
blower of a commercial vacuum cleaner was used.
(Bag delivered by Hartmann und Braun , Frankfurt/Mo an , FA G )

x — y  direct writing recorder (x—y)
Scale dimensions: Ax = 25 cm , R y = 17 cri , a rcur ar : y 1 %; continuous s e t t i n g  of gain
a n d  zero—position of Rx , R y by use o f  po ten t  1 o — r - ~~a rs.
(Manufacturer: Houston Omnigra phic Corp., fle ilma ir e , Ta- .- mr , US A , Ty pe HR—1 95)

4
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Vent ilator (F)
Output capacity approx. 725 litres/m inute , F is indispensable for sufficient stirring
up of collected gas volume to get exact values of’ c. Care should be taken to prevent
t he fan ’s rotating parts from damaging the inner surface of DO. F should be operated
therefore onl y ,  when DO is alread y filled to a certain degree (for instance after 5
m inutes of test gas aspiration).
(Manufacturer: Electrolux G.m.b.H ., H a m b u r g ,  FAG)

Desiccatora (D)
Tubes filled with sodium hy drox ide and calcium oxide (NaOH-,-CaO) to avoid falsification
of c values due to changin9 H9O an d CO 9 contamination of the collected air. (Gross
sens i t i v i t y  of C O — a n a l y s e r )  Inner diameter of the tubes approx. 24 mm , leng th 80 mm .

ADVANTAGES OF THE MODIFIEO SAMPLING METHOD (Msn)
1. Compa rison to Integration Method (Ill)

The error in determination of c.t is considerabl y reduced when 11511 is applied. In
contrast to the determination of U = c.t through continuous integration a spectro-
meter (A) with a smaller measuring range can be used , when the mod ified sampling
m e t h o d  (liSri ) co me s in to  use. (determination of c). The errors in determining t h e
products of concentration and time of’ both methods being compared are in the same
ratio to the absolute errors in concent ra t ion respect ive ly,  as for examp le:
± 10 Ppm in MSM : ± 60 ppm in IN = 1 : 6. The latter comes true under the
condition that the relative exactitudes of each A being used (IISM , IN) do not differ
(same grade) and that other possible sources of poor accuracy are balanced . In case
of an error ratio of 1 : 6 and 60 minutes of a supposed duration of exposure , U can
be evaluated for example with an accuracy of ~ 600 ppm .min , when MS1I is used~ wh en
IN is app lied, an accuracy  of ~ 3600 ppm .min can be attained onl y (see above5 .

Transcient breakdowns , while concentrations are measured (field tests), produce
only the lo8aes of c . t—v a l u e s  for the per iods of b reakdown , when MSM is applied:
whenever  IN is used in a similar situation the whole result in general must be
regarded useless.

2. Compar ison to Samp ling Method (Sri )
In contrast to this method , in 11511 the amount of U can be recorded continuously.
Amount and increase of CO—load can be evaluated during d i f f e r e n t  operat ing condit ions
in comparison to the increase of U over the time elapsed (t).
A p p l ying also MSM each CO— concentration in the tested air at any chosen moment
c . (t .0...i...T) can be evaluated from the graph of U , us ing th e c o r r e l a t ions

= E1 (t~ 4-k); c
~ 

— = c~~’ (Fig 3).

The fact  that there is a constant  maximal dead—t ime of approx imate ly 10 seconds
between the actual peak of gas concentration and its recording due to the dead—

a volume of the total hosing system must be additionally t a k e n  in to  ac c o u n t .  Th is
phase  sh i f t  is also being observed in the IN , however.

PR O V I N G , PRACTICAL USE
The total error of U (Fw) in on—wire operation matched a fictitious spectrometer error
(Fc) ~~ 3 %. Example: When measuring range of A is 0 to 500 ppm , F m 3 %, a concen t ra t i on
error of ± 15 ppm and an F of ± 15 t can be observed. For t = 10 c , 30’, 60’ — F
amounts ± 150, 450, 900 pp }f~ m m .  In tel emetry operation Fw m a t c h e d  an F 0 of � 3%~
After calibration the dependability of the measuring device can be tested by alternative
input of atmosp heric air (Zero—Gas) and a mixture of atmospheric air and CO of known
concentrat ion: When Zero—Gas is applied , the direct writing recorder must write
pa r al le l l y to t h e  h ype r bol ic n e t w o r k  o f lines on the recording paper; when the gas
mixture  is put into the measuring dev ice  accord ing to time t and concentration c the
exact value of the coordinates for U = c - t  can be computed in advance. Especiall y •t~r~
exac t  pa ra ll el it y of t h e zero posit ion of the direct writing recorder to the h yperbolic
scale lines on the record ing  paper during z e r o — g a s — t e s t i n g  has turned out to be a
sens i t i ve  cr i terium for the l inearity of’ the CO—analyser.
When U is determined in practice , parallelit y of the value indicated to the scale
lines on the recording paper indicates , that CO—load does not increase any longer. In
such cases PP and the electronic time base (T B)  should be switched off simultaneously
until changed cond i t ions  make anew an increase of U probable. Transitory switching off
of PP and TB increase the accuracy in determining U (error of’ U— duration of test ,
see above).
Jhe never data ire transmitted by telemetry (for instance tests of CO—load in mi l i t a r y
veh i c l es  under combat conditions) the test set up shown in Fig 4 has proved to be
useful. Simultaneous switching on and off of PP in the vehicle and TO in the receivin g
station has been effectuated b y impulses radioed directly by the telemetry syst or .

References:
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3 Re p o r t  on t h e  9th Mee t i n q  of M e d i c a l — S c i e n t if i c — C o u n c i l , 11 .0 .0.  of the FRG

on 26Lh Febr . 1 T1/1.
6 Re port on Effects of Environment a l Factors on Milit a ry Performance. Defence Research

Grou p, URTO Ar/243—UP/25. March—April 1~~( ) .
5 G.  K leinhano und C.  P l e ka ra k i :  Ne Laf e h ler  von C O — A n a l y s n g o r 3 t o n  unit [influD auf d ie

f leurte i lung der 1 r i _ a i j r k j i q  be im Nenschen. Uehr -ra 1.Mschr. Heft 5/ 1975 , S p i t e  137— 14r . 
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Fig. I Modified Sampling Method 11911, Block— diagram . CG Calibration Gas, EA
Environmental Air , PP Precision Pump, DO Douglas Bag (with Ventilator F) CC
Closed Circuit , TB Time Base , x—y—Reco rd er , s switch (to start simultaneously
PP and T O ) ,  D Des iccator , e lec t r i ca l  wir ing hosing connections.

Ry is Ii as 20 30 i t-UXX~ (ppm -mlr-4

~i r n 1 t ! I I ( ( I I ( I l I  I

~ Rx
ro 20 30 40 ~° ~~ ‘~ ~ t Irfl i~ 1

Fig. 2 Illustration of x— y network. Ordinate: Concentration E , Abscissa: time—
scale , Hyper bolic Scale—lines of constant E . t , for ex . 2500 and l5ooo ppm . mm ,
furt her values ~ • t not completely outlined.

C{ppml 
to

‘

~~ 

,~‘T”TIiiiT1I.T~ 
a

10 7 5- .-~ 
-~~ a,r 70 &~

Fig. 3 Determination of momentary CO—Concentration by use of inclination of
CO—load curve (U—curve); Ta tangent at B with ang le o~- . 

= tan oC ; c .  =
(t. + k); c i ’ + CO—Concentration at point of time t.. 1

F i g .  4 Combination o f MSF’l with telemetry data transmission; Ch 1 , 2 ---~~Telemetry
Channels 1 ,2; T Transmitter; A Re ceiver , further Abbreviations se e Fig. above.
Principle of operation: Whenever PP will be switched on/off , 113 will be stn rt ed
or stopped accordingly b y tele metr y si gnal.
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